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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a composite material excellent in heat resistance properties, mechanical properties such as 
breaking strength and bondability and capable of having an optionally changed transparency by impregnating an organic polymer 
solid with a metal alkoxide so as to form a concentration gradient and polycondensing the metal alkoxide to fix it in the form of a 
metal oxide. 

SOLUTION: A solid organic polymer (e.g. polyamide) is immersed in a metal alkoxide (e.g. tetramethoxysilane) or a solution thereof 
and the impregnation operation is stopped before the polymer is uniformly impregnated with the alkoxide to form a structure of a 
gradient metal alkoxide concentration inside the polymer. The impregnated polymer is then immersed in water and/or an aqueous 
solution containing an acid catalyst (e.g. formic acid) or a basic catalyst (e.g. ammonia) to polycondense the alkoxide and to 
thereby fix it in the form of a metal oxide. The ratio of the maximum local concentration of the metal oxide distributed in the 
composite material to the minimum one should be 1.5 or above. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the complex of the organic macromolecule and metallic oxide which are made to carry out 
the polycondensation reaction of this metal alkoxide, and are characterized by fixing as a metallic oxide after infiltrating a metal 
alkoxide so that it may have a concentration inclination in the interior of an organic macromolecule solid-state and which have 
constituent concentration inclination structure. 

[Claim 2] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have the constituent 
concentration inclination structure according to claim 1 characterized by making the concentration inclination structure of a metal 
alkoxide form in the interior of an organic macromolecule by ending immersion actuation before a solid organic macromolecule is 
immersed in the solution containing a metal alkoxide or a metal alkoxide and a metal alkoxide sinks in into an organic macromolecule 
at homogeneity. 

[Claim 3] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have the constituent 
concentration inclination structure according to claim 1 characterized by making the concentration inclination structure of a metal 
alkoxide form in the interior of an organic macromolecule by immersing a solid organic macromolecule in the solution containing a 
metal alkoxide and water, and performing sinkingHn actuation into the solid-state organic macromolecule of a metal alkoxide. 
[Claim 4] The manufacture approach of the complex of the organic macromolecule and the metallic oxide which make form the 
concentration inclination structure of a metal alkoxide in the interior of an organic macromolecule , and subsequently have the 
constituent concentration inclination structure characterize by to carry out the polycondensation reaction of this metal alkoxide by 
remove a part of metal alkoxide from this organic macromolecule after immerse a solid organic macromolecule in the solution 
containing a metal alkoxide or a metal alkoxide and infiltrate a metal alkoxide into a solid organic macromolecule . 
[Claim 5] The manufacture approach of the complex of the organic macromolecule and metallic oxide which a metal alkoxide is 
infiltrated into a solid organic macromolecule at homogeneity, water and/or an acid catalyst, or a basic catalyst is infiltrated 
subsequently to this organic macromolecule so that it may have a concentration inclination, and are characterized by performing 
the polycondensation reaction of a metal alkoxide and which have constituent concentration inclination structure. 
[Claim 6] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have the constituent 
concentration inclination structure of any one publication of claim 2-5 characterized by using the solid organic macromolecule 
made to swell beforehand with swelling liquid. 

[Claim 7] The manufacture approach according to claim 1 to 6 which the solid organic macromolecule into which the metal alkoxide 
was infiltrated is immersed into a water solution including water and/or an acid catalyst, or a basic catalyst, and water and/or an 
acid catalyst, or a basic catalyst is infiltrated into this organic macromolecule, is made to carry out the polycondensation reaction 
of the metal alkoxide in this organic macromolecule, and is characterized by making it fix as a metallic oxide. 
[Claim 8] The manufacture approach according to claim 1 to 5 characterized by making the metal alkoxide inside an organic 
macromolecule react, and making it fix as a metallic oxide by holding the solid organic macromolecule into which the metal alkoxide 
was infiltrated in a steam ambient atmosphere including an acid catalyst or a basic catalyst. 

[Claim 9] While being immersed in the mixing solvent which consists a solid organic macromolecule of the organic solvent made to 
swell an organic macromolecule and the solution of water and/or an acid catalyst, or a basic catalyst and making this organic 
macromolecule swell Water and/or an acid catalyst, or a basic catalyst is infiltrated into an organic macromolecule. Subsequently 
The manufacture approach of the complex of the organic macromolecule and metallic oxide which are immersed in the solution 
containing a metal alkoxide or a metal alkoxide in this organic macromolecule, and are characterized by performing the 
polycondensation reaction of a metal alkoxide and which have constituent concentration inclination structure. 
[Claim 10] The manufacture approach of the complex of the organic giant molecule and metallic oxide which are characterized by 
using at least one sort chosen from a polyamide, polyolefine, polyester, a polyvinyl chloride, acrylic resin, a polystyrene copolymer, 
thermoplastic elastomer, polyacetal, and fluororesin as an organic giant molecule and which have the constituent concentration 
inclination structure of any one publication of claim 1-9. 

[Claim 11] The manufacture approach of the complex of the organic macromolecule and metallic oxide which are characterized by 
the ratio of the maximum of the partial concentration of a metallic oxide and the minimum value from which the complex of the 
organic macromolecule and metallic oxide which are obtained is distributed in this complex being 1.5 or more and which have the 
constituent concentration inclination structure of any one publication of claim 1-9. 

[Claim 12] The manufacture approach of the complex of the organic macromolecule and metallic oxide according to claim 11 with 
which the complex of the organic macromolecule and metallic oxide which are obtained is characterized by having the constituent 
concentration inclination structure of a metallic oxide in the thickness direction of this complex. 

[Claim 13] the manufacture approach of the complex of the organic macromolecule and metallic oxide which have the constituent 
concentration inclination structure where magnitude of the particle diameter of the metallic oxide distribute in an organic 
macromolecule by infiltrate an acid catalyst or a basic catalyst into the solid organic macromolecule into which the metal alkoxide 
be infiltrated so that it may have a concentration inclination , and perform the polycondensation reaction of a metal alkoxide to it 
be characterize by have the gestalt which changed continuously . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the complex of the organic macromolecule and 
metallic oxide which a metallic-oxide particle distributes with continuous concentration inclination structure in the organic 
macromolecule solid-state which raised useful thermal resistance and a useful mechanical property, and chemical resistance in 
various fields, such as various materials, a molding material, a film, and fiber, and which have the so-called constituent 
concentration inclination structure. 
[0002] 

[Description of the Prior Art] Examination of former versatility has accomplished for the purpose which improves the engine 
performance of an organic macromolecule. Mixing powdered inorganic materials, such as a calcium carbonate which has the 
property excellent in thermal resistance, mechanical characteristics, chemical resistance, etc. as the one attempt, a silica, a titania, 
and an alumina, in an organic macromolecule is performed widely. 

[0003] Since properties, such as thermal infusibility which an inorganic material has, chemical insolubility, high specific gravity, and a 
surface characteristic, differ from organic polymeric materials greatly when performing compound-ization by mixing with an 
inorganic material, it is not easy to control a distributed condition micro, and it is general to be compound-ized for the purpose of 
obtaining a homogeneous bulk composite material chiefly. 

[0004] That is, in order to raise the reforming effectiveness, it excels in wettability with the organic macromolecule of a matrix, and 
the inorganic material of a smaller configuration is chosen, and it has become an important factor in compound-izing to distribute 
them to homogeneity as much as possible. However, an inorganic material has the problem to which it becomes difficult to which to 
carry out homogeneity distribution into an organic macromolecule, and a manufacture price becomes high, so that it is made into a 
particle. 

[0005] Therefore, in order to consider as the composite of the high performance by which it was homogeneous in micro and the 
decentralized structure was controlled in the organic material and the particle-like inorganic material, it is difficult to obtain by 
approach which was mentioned above and which only carries out mixed distribution of the particle-like inorganic material, and it 
needs development of a new technique. 
[0006] 

[The technical problem which invention makes solution ******] The technical problem which this invention makes solution ****** 
is to offer the manufacture approach which was excellent in the complex of the organic macromolecule and the metallic oxide which 
a metallic oxide distributes with continuous concentration inclination structure inside the organic macromolecule which is excellent 
in kinetic property , such as a heat-resistant property useful as various materials , such as a molding material , the electrical and 
electric equipment and electronic parts , a machine part , autoparts , sporting goods , a film , and fiber , and disruptive strength , 
and an adhesive property , and which have the so-called constituent concentration inclination structure . 
[0007] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly, this invention persons the solution of a metal alkoxide 
and/or a metal alkoxide to a solid organic macromolecule [ whether it is made to sink in so that a concentration gradient may be 
produced, and ] By or the simple method of infiltrating the solution of water and/or acidity, or a basic catalyst so that a 
concentration gradient may be produced, carrying out the polycondensation of the metal alkoxide subsequently, and making a 
metallic oxide fix It finds out that the complex of the organic macromolecule and metallic oxide which a metallic oxide has 
continuous concentration inclination structure, and distributed and which have constituent concentration inclination structure can 
be manufactured, and came to complete this invention. 

[0008] that is , this invention be the manufacture approach of the complex of the organic macromolecule and metallic oxide which 
be make to carry out the polycondensation reaction of this metal alkoxide , and be characterize by fix as a metallic oxide , which a 
metallic oxide have a concentration gradient and distributed and which have constituent concentration inclination structure . after 
infiltrate a metal alkoxide so that it may have a concentration inclination in the interior of an organic macromolecule solid-state . 
[0009] Moreover, this invention is the manufacture approach of the complex of the organic macromolecule and metallic oxide which 
have the constituent concentration inclination structure characterized by making the concentration inclination structure of a metal 
alkoxide form in the interior of an organic macromolecule, and [0010] by ending immersion actuation, before a solid organic 
macromolecule is immersed in the solution containing a metal alkoxide or a metal alkoxide and a metal alkoxide sinks in into an 
organic macromolecule at homogeneity. It is the manufacture approach of the complex of the organic macromolecule and metallic 
oxide which have the constituent concentration inclination structure characterized by making the concentration inclination 
structure of a metal alkoxide form in the interior of an organic macromolecule by immersing a solid organic macromolecule in the 
solution containing a metal alkoxide and water, and performing sinking-in actuation into the solid-state organic macromolecule of a 
metal alkoxide. 

[0011] After immersing this invention in the solution containing a metal alkoxide or a metal alkoxide in a solid organic 
macromolecule and infiltrating a metal alkoxide into a solid organic macromolecule, furthermore, by removing a part of metal 
alkoxide from this organic macromolecule The manufacture approach of the complex of the organic macromolecule and metallic 
oxide which are made to form the concentration inclination structure of a metal alkoxide in the interior of an organic 
macromolecule, and subsequently have the constituent concentration inclination structure characterized by carrying out the 



polycondensation reaction of this metal alkoxide, [0012] A metal alkoxide is infiltrated into a solid organic macromolecule at 
homogeneity, water and/or an acid catalyst, or a basic catalyst is infiltrated into this organic macromolecule so that it may have a 
concentration inclination, and the manufacture approach of the complex of the organic macromolecule and metallic oxide which are 
characterized by performing the polycondensation reaction of a metal alkoxide and which have constituent concentration inclination 
structure is included. Moreover, this invention also includes the manufacture approach using the solid organic macromolecule made 
to swell with swelling liquid beforehand as these solid organic macromolecules. 

[0013] Furthermore, the manufacture approach of this invention is the solid organic macromolecule into which the metal alkoxide 
was infiltrated being immersed into a water solution including water and/or an acid catalyst, or a basic catalyst, infiltrating water 
and/or an acid catalyst, or a basic catalyst into this organic macromolecule, carrying out the polycondensation reaction of the 
metal alkoxide in this organic macromolecule, and making it fix as a metallic oxide, and [0014] in detail. Or by holding the solid 
organic macromolecule into which the metal alkoxide was infiltrated in a steam ambient atmosphere including an acid catalyst or a 
basic catalyst, the metal alkoxide inside an organic macromolecule is made to react, and it is characterized by making it fix as a 
metallic oxide. 

[0015] Furthermore, while this invention is immersed in the mixing solvent which consists a solid organic macromolecule of the 
organic solvent made to swell an organic macromolecule and the solution of water and/or an acid catalyst, or a basic catalyst and 
making this organic macromolecule swell Water and/or an acid catalyst, or a basic catalyst is infiltrated into an organic 
macromolecule. Subsequently This organic macromolecule is immersed in the solution containing a metal alkoxide or a metal 
alkoxide, and the manufacture approach of the complex of the organic macromolecule and metallic oxide which are characterized by 
performing the polycondensation reaction of a metal alkoxide and which have constituent concentration inclination structure is 
included. 

[0016] The manufacture approach of this invention as a solid organic macromolecule used as a raw material especially A polyamide, 
polyolefine, polyester, a polyvinyl chloride, acrylic resin, At least one sort chosen from a polystyrene copolymer, thermoplastic 
elastomer, polyacetal. and fluororesin is used. The ratio of the maximum of the partial concentration of a metallic oxide and the 
minimum value from which the complex of the organic macromolecule and metallic oxide which are obtained is distributed in this 
complex is 1.5 or more, The complex of the organic macromolecule and metallic oxide which are obtained is the manufacture 
approach characterized by having the component inclination structure of a metallic oxide in the thickness direction of this complex. 
[0017] moreover , the metallic oxide concentration to which magnitude of the particle diameter of the metallic oxide distribute 
within an organic macromolecule be characterize by to have the gestalt which changed continuously include the manufacture 
approach of the complex of the organic macromolecule and the metallic oxide which have inclination structure by this invention 
infiltrate water and/or an acid catalyst , or a basic catalyst into the solid organic macromolecule into which the metal alkoxide be 
infiltrated so that it may have a concentration inclination , and perform the polycondensation reaction of a metal alkoxide . 
[0018] 

[Embodiment of the Invention] This invention is explained further below at a detail. As a solid organic macromolecule used for this 
invention, each the various solid thermoplastics and the thermosetting resin which are generally marketed are usable. Also in it, the 
organic macromolecule which sinks in 5 % of the weight or more preferably 1% of the weight or more in the swelling liquid specified 
by the organic solvent or the following is desirable. 

[0019] Specifically, it is styrene copolymers, such as thermoplastic elastomer, such as polyamides, such as polyester, such as 
polyethylene, polypropylene, polyolefine of Pori 4-methyl pentene-1 grade, polyethylene terephthalate, and polybutylene 
terephthalate, nylon 6, and Nylon 66, polyacetal, a polyvinyl chloride, a polyester system, and a polyamide system, styrene and a 
butadiene, and methacrylic acid, and [0020]. Fluororesin, such as acrylic resin, such as polymethylmethacrylate, and polyvinylidene 
fluoride, a polycarbonate, phenoxy resin, polyphenylene oxide, the poly ape phone, polyether sulphone, etc. are used, and it is used 
with the gestalt of a sheet, a film, fiber, a lot, a pellet, powder, and various kinds of mold goods. 

[0021] The solution containing the silicone alkoxide system monomers the solutions containing the metal alkoxide or metal alkoxide 
of this invention are indicated to be as a metal alkoxide by the general formula and R4-nM(OR) n (M Si and R an alkyl group, 
CmH2m+ if 1 m= 1-6n 3 or 4), those with a polymerization degree of about two to ten partial hydrolysis polycondensation objects or 
those mixture, and/or it and an organic solvent is used. 

[0022] Moreover, as a metal atom, it is also possible independent or to mix and use two or more sorts in what is Ti, Sn, aluminum, 
and Zr in addition to Si. The mixed liquor of the organic solvent in which dissolves with the solution containing a metal alkoxide or a 
metal alkoxide as swelling liquid used in order to make an organic macromolecule swell in this invention, and is made to swell the 
organic macromolecule solid-state to be used, and it deals, or these organic solvents is used. 

[0023] The concrete organic solvent used for the solution containing a metal alkoxide or swelling liquid is amide systems, such as 
ether systems, such as diethylether, dioxane. and a tetrahydrofuran (THF). dimethylformamide (DMF), dimethylacetamide (DMA), 
and N-methyl pyrrolidone (NMP), and [0024], for example, although it cannot generally specify since a suitable thing changes with 
classes of organic macromolecule metallurgy group alkoxide to be used. Halogenated hydrocarbon systems, such as aromatic series 
systems, such as hydrocarbon systems, such as alcoholic systems, such as ketone systems, such as ester systems, such as ethyl 
acetate and methyl acetate, an acetone, and 2-butanone (MEK), a methanol, ethanol, 2-propanol, and a butanol. a hexane, and a 
cyclohexane, toluene, a xylene, m-cresol, benzene, and a nitrobenzene, a carbon tetrachloride, chloroform, dichloromethane, and a 
dichloroethane, [0025] organic solvents, such as amine systems, such as silicone systems, such as dimethylpolysiloxane and a 
SAIKUROMECHI cone, triethylamine, diethylamine, and a pyridine, other dimethyl sulfoxides (DMSO), an acetonitrile, a carbon 
disulfide, and methylethyl Cellosolve. — diketone systems, such as acetylacetone. 2, and 4-hepta-dione, and [0026] [ or ] It is 
possible independence or for more than one to be mixed and to use organic solvents, such as amino alcohol, such as keto alcohol, 
such as hydroxycarboxylic acid systems, such as keto ester, such as methyl acetoacetate and an ethyl acetoacetate, a lactic acid, 
and methyl lactate, and 4-hydroxy-4-methyl-2-pentanone, monoethanolamine. and diethanolamine. 

[0027] Moreover, the solution containing a swelling liquid metallurgy group alkoxide can be used together with a solution including 
water and/or an acid catalyst, or a basic catalyst, and it is desirable to use the solvent with which it mixes with the solution which 
includes water and/or an acid catalyst, or a basic catalyst in this case. When using especially water, specifically, hydrophilic organic 
solvents, such as ketone solvent, such as alcohols with which it mixes with water, such as a methanol and ethanol, an acetone, and 
2-butanone, or a tetrahydrofuran, dimethylformamide, and a pyridine, are mentioned. When not using water, the same organic 
solvent as swelling liquid can be used. 

[0028] Moreover, as an acid catalyst of the polycondensation reaction of the metal alkoxide of this invention, inorganic acids, such 
as organic acids, such as a formic acid and an acetic acid, and a hydrochloric acid, are used, and they are alkalis, such as ammonia. 



triethylamine, dimethylamine, ethylenediamine. and a butylamine, as a basic catalyst. 

[0029] The complex which has the component inclination structure of the metallic oxide said by this invention is complex with 
which the concentration inclination structure of a metallic oxide was formed in the thickness direction of an organic macromolecule. 
The metallic oxide of this invention shows the gestalt of the complex of the organic macromolecule and metallic oxide which have 
constituent concentration inclination structure typically to drawing 1 . 

[0030] Drawing 1 is drawing showing typically the gestalt of the complex of the organic macromolecule and metallic oxide which are 
manufactured by the manufacture approach of this invention, and with which a metallic oxide has constituent concentration 
inclination structure here, a-h in drawing 1 shows one gestalt of the complex of the organic macromolecule and metallic oxide with 
which each has the constituent concentration inclination structure of this invention. Each axis of ordinate shows the concentration 
of a metallic oxide, and an axis of abscissa shows the distance (thickness) of the cross section of an organic macromolecule. 
[0031] The complex of the organic macromolecule and the metallic oxide with which the concentration of the metallic oxide 
manufactured by the manufacture approach of this invention has inclination structure is what has inclination structure with a large 
metallic-oxide concentration layer into a surface part like what has continuous inclination structure in a part of interior, and c like 
that to which metallic-oxide concentration increases or decreases in monotone from the front face of an organic macromolecule to 
the front face of another side, and b, and [0032] like a in while. What has two or more maximal value of metallic-oxide concentration 
inside is mentioned like d like what has the maximum of the concentration of a metallic oxide inside, and e. Moreover, the complex 
of the organic macromolecule and metallic oxide with which the metallic oxide of this invention has constituent concentration 
inclination structure is performed partially [ the formation of inclination compound with a metallic oxide and an organic 
macromolecule ] in the thickness direction of an organic macromolecule. and also contains at least in a part a metallic oxide and 
the complex including the field which has not been compound-ized of a gestalt. 

[0033] That to which a metallic oxide compound-izes inside and does not exist in it like f or g as an example in this case, and the 
thing to which a metallic oxide compound-izes in the surface section, and does not exist in it like h are mentioned. Furthermore, 
this invention also contains the complex of a gestalt with which the discontinuous fault was partially formed into the inclination 
structure of the gestalt mentioned above. As an example in this case, what has a gestalt like i or j, for example is mentioned. 
[0034] For the maximum of the concentration of the metallic oxide contained in complex, 5 - 100 % of the weight and the minimum 
value are [ the ratios (maximum/minimum value) of 0 - 20 % of the weight, maximum, and the minimum value ] 1.5 or more things, 
and five or more things usually have [ the complex of the organic macromolecule and metallic oxide which are obtained by the 
manufacture approach of this invention and with which a metallic oxide has constituent concentration inclination structure ] the 
especially desirable ratio of maximum and the minimum value. 

[0035] Less than 5 % of the weight of the effectiveness of compound-izing is [ the maximum of the concentration of a metallic 
oxide ] insufficient, and when the minimum value exceeds 20 % of the weight, since complex becomes weak or causes [ of a crack ] 
generating, it is not desirable. 

[0036] As a concrete method of obtaining the complex of the organic macromolecule and metallic oxide with which the metallic 
oxide of this invention has constituent concentration inclination structure, approaches, such as A law shown below, B law, and the 
C method, are mentioned. 

[0037] (A law) By infiltrating the solution containing a metal alkoxide or a metal alkoxide into a solid organic macromolecule, after 
making a solid organic macromolecule swell with an organic solvent if needed After infiltrating a metal alkoxide so that it may have a 
concentration inclination inside an organic macromolecule, on the approach and twist concrete target which are made to do the 
polycondensation reaction of the metal alkoxide, and are fixed as a metallic oxide As a concrete method of making the 
concentration inclination of a metal alkoxide form in a solid organic macromolecule, before a metal alkoxide sinks in into an organic 
macromolecule solid-state at homogeneity, the method of terminating sinking-in actuation etc. is mentioned. 
[0038] Furthermore, it uses that the amount and rate of the metal alkoxide which sinks in into an organic macromolecule change 
with the polymerization degree of a metal alkoxide, the die length of an alkoxy group or the solution presentation containing a metal 
alkoxide, solution temperature, etc. Two or more metal alkoxides from which polymerization degree and the die length of an alkoxy 
group differ are used as mixed liquor, or the poor solvent and good solvent of an organic macromolecule which are used for the 
solution containing a metal alkoxide are added, and the approach of controlling the wet out rate of a metal alkoxide etc. is 
mentioned. 

[0039] Moreover, while the wet out rate into an organic macromolecule changes when adding and using water into the solution 
containing a metal alkoxide, and the solvent presentation in a solution changes, the polymerization reaction of a metal alkoxide 
advances by existence of water, from wet out rate falling with macromolecule quantification, soon, sinking [ of the metal alkoxide in 
an organic macromolecule ] in stops spontaneously, and inclination structure is formed. Depending on the wet out rate and the rate 
of polymerization of a metal alkoxide, both wet out rate and a rate of polymerization are controlled by solution temperature, the 
catalyst kind, catalyst concentration, and amount of water for the gestalt of an inclination. 

[0040] (B law) After making a solid organic macromolecule swell with an organic solvent if needed, After infiltrating the solution 
containing a metal alkoxide or a metal alkoxide at a solid organic macromolecule (to homogeneity), This organic macromolecule in a 
water solution including water and/or an acid catalyst, or a basic catalyst The approach, [0041] which are infiltrated so that water 
and/or an acid catalyst, or a basic catalyst may form a concentration inclination inside a macromolecule, give an inclination to the 
reactivity of a metal alkoxide, and perform the polycondensation reaction of a metal alkoxide As a concrete method of making the 
concentration inclination of water and/or an acid catalyst, or a basic catalyst form in a solid organic macromolecule, before water 
and/or an acid catalyst, or a basic catalyst sinks in into an organic macromolecule solid-state at homogeneity, more specifically, 
the method of terminating sinking-in actuation is mentioned. 

[0042] (The C method) After making a solid organic macromolecule swell with an organic solvent if needed, After immersing a solid 
organic macromolecule in the solution containing a metal alkoxide or a metal alkoxide and infiltrating a metal alkoxide into a solid 
organic macromolecule, by removing a part of metal alkoxide from this organic macromolecule How to make the concentration 
inclination structure of a metal alkoxide form in the interior of an organic macromolecule, and to carry out the polycondensation 
reaction of the metal alkoxide subsequently. 

[0043] After making a solid organic macromolecule more specifically immersed in the solution containing a metal alkoxide or a metal 
alkoxide, under specific time amount, ordinary pressure, or reduced pressure It holds at a room temperature or an elevated 
temperature, or the metal alkoxide which sank in into the organic macromolecule is removed mainly from the surface section by the 
approach of an organic solvent extracting. Subsequently It is immersed in a water solution including water and/or an acid catalyst, 
or a basic catalyst, and, subsequently the polycondensation reaction of the metal alkoxide is carried out. 



[0044] After making the water solution which includes water and/or an acid catalyst, or a basic catalyst for a solid organic 
macromolecule after making a solid organic macromolecule swell with an organic solvent if needed similarly immersed, under 
ordinary pressure or reduced pressure By the approach of the organic solvent with which it can mix with water removing or 
extracting water and/or an acid catalyst, or a basic catalyst The approach of removing the water with which it sank in into the 
organic macromolecule and/or an acid catalyst, or a basic catalyst mainly from the surface section, and it being immersed in the 
solution which contains a metal alkoxide or a metal alkoxide next, and carrying out the polycondensation reaction of the metal 
alkoxide may be used. 

[0045] (The D method) How to infiltrate water and/or an acid catalyst, or a basic catalyst into an organic macromolecule. and for 
this organic macromolecule to be immersed in the solution containing a metal alkoxide or a metal alkoxide subsequently, and to 
carry out the polycondensation reaction of the metal alkoxide while being immersed in the mixing solvent which consists a solid 
organic macromolecule of the organic solvent made to swell an organic macromolecule and the solution of water and/or an acid 
catalyst, or a basic catalyst and making this organic macromolecule swell. 

[0046] Moreover, the solution which contains a metal alkoxide or a metal alkoxide for a solid organic macromolecule similarly. While 
being immersed in the mixed solvent which consists of an organic solvent in which dissolves with the solution containing a metal 
alkoxide or a metal alkoxide, and is made to swell an organic macromolecule, and it deals and making this organic macromolecule 
swell The approach of infiltrating a metal alkoxide into an organic macromolecule, and this organic macromolecule being immersed in 
a solution including water and/or an acid catalyst, or a basic catalyst subsequently, and carrying out the polycondensation reaction 
of the metal alkoxide may be used. 

[0047] By these approaches, as a result of the diffusion to the impregnation of the sinking-in liquid to the inside of an organic 
macromolecule and the exterior of the swelling liquid in an organic macromolecule taking place to coincidence, it is thought that 
inclination structure arises in the content of the metallic oxide inside an organic macromolecule. In addition, as for the swelling 
liquid made to swell the organic macromolecule of this invention, what is made to swell the solid organic macromolecule to be used 
especially 5% of the weight or more, and deals in it 1% of the weight or more is desirable. 

[0048] Moreover, it is not necessary to make an organic macromolecule swell beforehand, and by the manufacture approach of this 
invention, even if it uses an organic non-processed macromolecule as it is, it does not necessarily interfere. Namely, what is 
necessary is whether the organic macromolecule made to swell beforehand is used and just to choose suitably if needed according 
to the gestalt for which the complex of the organic macromolecule to be used and the organic macromolecule which has the 
constituent concentration inclination structure made into the purpose, and a metallic oxide asks. 

[0049] Here, in this invention, the solution which includes water and/or an acid catalyst, or a basic catalyst in it further depending 
on the solution containing a metal alkoxide or a metal alkoxide and the case may be called sinking-in liquid. 
[0050] In this invention, it becomes possible to obtain the complex which has the component inclination structure of various 
gestalten by such technique, for example, before contacting only the whole surface of an organic macromolecule solid-state in 
sinking-in liquid, performing sinking-in actuation, and sinking-in liquid's being alike on the other hand and fully carrying out 
impregnation, it is possible by stopping sinking-in actuation to obtain the inclination complex like a of drawing 1 or b. 
[0051] Moreover, after infiltrating sinking-in liquid, the approach of removing a sinking-in liquid constituent including a metal 
alkoxide, or water and/or a catalyst from the surface section enables it to obtain the complex like d of drawing 1 . e. g, or j. 
[0052] Moreover, the component inclination structure which a metal alkoxide. water, a catalyst, etc. form inside an organic 
macromolecule can be controlled by combining the swelling degree of immersion conditions, such as a presentation of sinking-in 
liquid or swelling liquid, immersion time amount, and immersion temperature, and the organic macromolecule of pretreatment etc. 
[0053] Moreover, although the temperature at the time of removing the component in sinking-in liquid in the approach of carrying 
out organic macromolecule solid-state removal changes with classes of organic macromolecule to be used and cannot generally be 
******(ed) after infiltrating sinking-in liquid into an organic macromolecule, it is usually the range of ordinary temperature -150 
degree C under ordinary pressure or reduced pressure. Moreover, the boiling point of metal ARUKOKIDO effectively removable by 
this approach is a thing 250 degrees C or less. 

[0054] As for these, for example, a tetramethoxy silane. a tetra-ethoxy silane, etc. are mentioned. After infiltrating a metal alkoxide, 
depending on the temperature conditions to be used, although it is [ some ], the condensation reaction of a metal alkoxide 
advances to evaporation and coincidence, the polymerization degree of metal alkoxides increases to them, and it becomes 
impossible moreover, for evaporation to already remove by the approach of carrying out evaporation removal of the metal alkoxides. 

[0055] Consequently, the inclination complex of the gestalt which has the maximal value of metallic-oxide concentration in the 
interior of an organic macromolecule solid-state is obtained, without all of the metal alkoxides into which it sank evaporating. 
Therefore, it becomes possible to control an inclination gestalt by adding a catalyst in retention temperature or sinking-in liquid. 
[0056] The approach of holding this organic macromolecule in the steam ambient atmosphere of the water solution which includes 
an acid catalyst or a basic catalyst depending on the need as an approach of making the concentration inclination of water and/or 
an acid catalyst, or a basic catalyst forming in the interior of an organic macromolecule into which metal alkoxides were infiltrated 
by sinking-in actuation, the approach immersed into this water solution are mentioned. 

[0057] It is possible to obtain the complex of the gestalt like c, f, i, or h of drawing 1 by these approaches, moreover , although it be 
also possible to add the organic solvent of a hydrophilic property in a water solution for the purpose of the component of a steam 
or a water solution spread and permeate smoothly into this organic macromolecule , since it be spread outside , and the amount of 
a metallic oxide of immobilization may become small or the inclination of a complex become loose before the metal alkoxides a kind 
sank in depending on the class and addition of an organic solvent add react , a little thing be desirable [ the amount used ] . 
[0058] After including a metal alkoxide in swelling liquid and making a solid organic macromolecule swell beforehand, by making this 
organic macromolecule immersed in sinking-in liquid with the impregnation to the macromolecule of sinking-in liquid By the 
synchronization of the diffusion to the exterior (inside of sinking-in liquid) of the component in the swelling liquid contained in this 
macromolecule By the approach of making the constituent concentration inclination structure of a metallic oxide forming in the 
interior of an organic macromolecule, using the capacity for sinking-in liquid to be able to permeate into this macromolecule 
decreasing with time It is an especially effective approach to the organic macromolecule which cannot sink in sinking-in liquid, such 
as polyolefine, a polyamide, polyacetal, and polyester, easily. 

[0059] Moreover, although it can sink into the organic macromolecule made to swell, when using the sinking-in liquid of the 
presentation which can hardly sink in for the organic macromolecule itself which is not made to swell, it is possible to obtain the 
inclination complex like c, f, i, or h of drawing 1 . 



[0060] When using together and using water and/or an acid catalyst, or a basic catalyst for swelling liquid, the water with which it 
sinks in into the organic macromolecuie solid-state in the case of sinking-in actuation of the sinking-in liquid containing a metal 
alkoxide, and a catalyst are spread to the exterior. Therefore, the concentration of the water which manages the reactivity of these 
metal alkoxides, or a catalyst falls near the front face of an organic macromolecuie, and is distributed over the interior with the 
maximal value. Consequently, the complex with which the complex obtained has the maximum of metallic-oxide concentration inside 
an organic macromolecuie and which has the component inclination structure of the gestalt like e of drawing 1 , g, or j is obtained. 
[0061] In this invention, although swelling actuation of swelling liquid and sinking-in actuation of sinking-in liquid are usually 
performed by making an organic macromolecuie solid-state immersed into these liquid, it is also possible to use the approach of 
contacting an organic macromolecuie solid-state to the bottom of the steam of these liquid, and infiltrating it. 
[0062] generation of the metallic oxide by the polycondensation reaction of the metal alkoxide in this invention and immobilization 
hold the organic macromolecuie into which the metal alkoxide was infiltrated under existence of water (the moisture in air is 
included) and/or an acid catalyst, or a basic catalyst — that is, 20-230 degrees C is usually more specifically attained the 
temperature below the melting point of an organic ordinary temperature - this macromolecuie, and by carrying out maintenance 
heating at 50-200 degrees C preferably. 

[0063] The complex of the organic macromolecuie and metallic oxide with which the metallic oxide with which magnitude of the 
particle diameter of the metallic oxide distributed within the organic macromolecuie of this invention is characterized by having the 
gestalt which changed continuously has constituent concentration inclination structure is complex in which the particle size of a 
metallic-oxide particle has the gestalt which changed continuously by the thickness direction and/or longitudinal direction of an 
organic macromolecuie. 

[0064] Although it cannot generally ****** since the magnitude of the particle size of a metallic oxide changes with the class of a 
metallic oxide or organic macromolecuie. purposes of use, etc., 10 micrometers or less are usually the range of 2 micrometers or 
less preferably. Since properties, such as dynamics reinforcement of complex, will fall if 10 micrometers is exceeded, it is not 
desirable. Moreover, especially the minimum value of particle size is not specified. Although even the particle size of about 5nm can 
check this by scanning electron microscope observation, though the particle of the particle size not more than this, i.e., the particle 
below limit of detection, may exist in the complex of this invention and it exists, it is because the property made into the purpose of 
this invention is not spoiled at all. 

[0065] Moreover, when the particle diameter of the metallic oxide distributed in an organic macromolecuie differs, the transparency 
of complex changes. Usually, in the particle size of about 0.2 micrometers or more, the formation of milk nebula or the nebula-ized 
complex is obtained, and transparent complex is obtained with the particle size of about 0.2 micrometers or less. It is possible to 
obtain the complex from which transparency changed by changing the particle size of a metallic oxide within an organic 
macromolecuie. Such a property is especially useful when using transparence resin, such as a styrene system copolymer, acrylic 
resin, and a polycarbonate. 

[0066] The approach shown below is mentioned as a concrete method of obtaining the complex of the organic macromolecuie and 
metallic oxide with which the particle of the metallic oxide of this invention has constituent concentration inclination structure. 
[0067] For example, after making a solid organic macromolecuie swell beforehand with swelling liquid according to the gestalt of the 
organic macromolecuie to be used or the complex for which it asks, a metal alkoxide and water are infiltrated into a solid organic 
macromolecuie. The particle size of a metallic oxide can obtain the complex of a gestalt from which the magnitude of the particle 
diameter of the metallic oxide distributed within an organic macromolecuie changed continuously by making it sink in so that the 
concentration inclination of water and/or an acid catalyst , or the basic catalyst may be carried out within this organic 
macromolecuie , and performing the polycondensation reaction of a metal alkoxide , in order to be dependent on pH of the reaction 
place of a metal alkoxide , the concentration of water , temperature , etc. 

[0068] Moreover, by advancing the polycondensation reaction of a metal alkoxide, where the inclination of temperature is given to 
the interior of an organic macromolecuie, it is also possible to obtain the complex of a gestalt from which the magnitude of the 
particle diameter of the metallic oxide distributed within an organic macromolecuie changed. 

[0069] Especially the particle size of a metallic oxide has the method most effective for an acid catalyst or a basic catalyst of 
giving a concentration inclination, in order to depend to pH of the reaction place of a metal alkoxide strongly. Moreover, by using an 
acid catalyst or a basic catalyst for the swelling liquid made to swell an organic macromolecuie beforehand, it becomes possible to 
consider as the inclination gestalt of a request of pH in an organic macromolecuie, and the complex of a gestalt from which the 
magnitude of a metallic-oxide particle changed continuously within the organic macromolecuie is obtained. 
[0070] In this invention, it is also possible to raise the rate of immobilization of a metallic oxide to a surface part by performing 
surface treatment to a solid organic macromolecuie beforehand as the further pretreatment of swelling actuation or sinking-in 
actuation further by basic water solutions, such as aqueous acids, such as a sulfuric acid, a nitric acid, and a phosphoric acid, and a 
sodium hydroxide, or ozone, the plasma, etc. 

[0071] Moreover, it is also possible by using together organic silane compounds, such as amino alkoxysilane. epoxy alkoxysilane, 
vinyl alkoxysilane, and mercapto alkoxysilane, to raise the compatibility of an organic macromolecuie and a metallic oxide. 
[0072] 

[Example] It is not limited only to the example this invention indicates it to be to it below from the first by the example and the 
example of a comparison although this invention is explained more concretely below. 

[0073] (Example 1) Film-like nylon 6 (Ube Industries [. Ltd. ] make: UBE nylon 1022B) was made immersed in the swelling liquid 
which consists of a methanol and distilled water (weight ratio = 2:1), and it stirred at 80 degrees C for 3 hours. About 25% of the 
weight of the increment in weight was seen. Subsequently, a 30-degree C tetramethoxy run (hereafter referred to as TMOS.) : The 
Tokyo Chemicals industrial company make After making it immersed into reagent-chemicals liquid for 5 hours, the piece of a trial is 
taken out out of liquid, and the surface solution was wiped off well and dried at the room temperature for 5 hours. Furthermore, 
heat treatment was performed in 80-degree-C vacuum for 24 hours, and nylon 6 and the complex of a silica were obtained. 
[0074] Distribution of Si of the cross section of complex was measured using the electron probe microanalyzer (EPMA). A result is 
shown in drawing 2 . The axis of ordinate in drawing expresses silica (Si) concentration, and an axis of abscissa expresses the 
distance of the depth direction of complex. In addition, as for the axis of ordinate in drawing, and an axis of abscissa, drawing 
showing the EPMA measurement result which shows distribution of the silica obtained in the following examples also expresses the 
same semantics. Distribution of Si deep near a front face was seen, and the component inclination complex of a gestalt with which 
Si concentration decreases rapidly among 70-80 microns was obtained from the front face. 

[0075] The max of silica concentration is seen inside about 20 microns from a front face, the maximum concentration is about 13 % 



of the weight, and the minimum concentration is zero. When calcinated at 800 degrees C for 2 hours, about 2.6% of the weight of 
saccate ash content was seen. It was observed that the 10~30nm very small very fine particle is distributing to homogeneity with 
the scanning electron microscope (SEM) when the silica particle of a compound layer is observed. 

[0076] In addition, EPMA measurement performed output [ of 15kV ]-50nA, resolution of 1 micron, 100-micron scan speed for /, 
and detection by K alpha rays (7.126-ohm Strong) of Si using EPM-810 mold by Shimadzu Corp. Moreover. SEM is FE-SEM by 
Hitachi, Ltd. S-800 was used. 

[0077] (An example 2 and example 1 of a comparison) The complex of nylon 6 and a silica was produced by the same approach as 
an example 1 using the nylon 6 of 2mm thickness. When EPMA measurement was performed, the silica was observed only near the 
front face and the inclination complex of the same gestalt as an example 1 was obtained. 

[0078] Although complex was heat-treated at 150 degrees C for 2 hours, change was not looked at at all by the appearance of 
complex. On the other hand, when the nylon 6 simple substance was heat-treated at 150 degrees C for 2 hours, it discolored yellow 
(example 1 of a comparison). Furthermore, when the IZOD impact property of the complex heat-treated at 150 degrees C was 
measured, they were about 55 kg cm. The IZOD reinforcement of the nylon 6 heat-treated at 150 degrees C is 12kg cm, and 
understands that the heat-resistant property is improving remarkably for an example. In addition, the IZOD trial was performed by 
nothing [ notch ] using the sample of 2mm thickness and 4mm width of face. 

[0079] (Example 3) The case where the presentation of the sinking-in liquid in the case of TMOS sinking-in actuation was used as 
TMOS and a methanol (weight ratio = 20:1) was examined. In addition, conditions other than the presentation of sinking-in liquid 
were made the same as an example 1. Si distribution of the complex cross section obtained by EPMA measurement is shown in 
drawing 3 . The inclination complex of the nylon 6 of a gestalt and the silica which have the maximum (two) of silica concentration 
in a location with a depth of about 90 micrometers was obtained from the front face. The maximum/minimum value of silica 
concentration were about 26. When calcinated at 800 degrees C for 2 hours, about 4.3% of the weight of ash content was seen. 
[0080] (Example 4) The case where the presentation of the sinking-in liquid in the case of TMOS sinking-in actuation was used as 
TMOS and a methanol (weight ratio = 5:1) was examined. In addition, conditions other than the presentation of sinking-in liquid were 
made the same as an example 1. Si distribution of the complex cross section obtained by EPMA measurement is shown in drawing 
4 . The inclination complex of the nylon 6 of a gestalt and the silica which have the maximum of silica concentration in the core of 
complex was obtained. The maximum/minimum value of silica concentration were about 2.8. When calcinated at 800 degrees C for 2 
hours, about 3.8% of the weight of ash content was seen. 

[0081] (Example 5) The presentation of the sinking-in liquid in the case of TMOS sinking-in actuation was used as TMOS and a 
methanol (weight ratio = 25:2), and sinking-in temperature was performed as 50 degrees C. The presentation of sinking-in liquid and 
conditions other than sinking-in temperature presupposed that it is the same as an example 1. Si distribution of the complex cross 
section obtained from EPMA measurement is shown in drawing 5 . It had very high silica concentration in the front face, 
concentration decreased from the front face rapidly to 1/2 among 30 micrometers, and the inclination complex of a gestalt with 
which concentration decreases gently was further obtained by the inside. The maximum/minimum value of silica concentration were 
about 25. When calcinated at 800 degrees C for 2 hours, about 8.0% of the weight of ash content was seen. 
[0082] (Example 6) Film-like nylon 6 was made immersed in the swelling liquid which consists of a methanol and a 0.8 mols [/I. ] 
aqueous ammonia solution (weight ratio = 2:1), and it stirred at 80 degrees C for 3 hours. About 24.5% of the weight of the 
increment in weight was seen. Subsequently, after making the sinking-in liquid which consists of TMOS and a methanol (weight ratio 
= 5:1) immersed and holding at 30 degrees C for 5 hours, the piece of a trial is taken out out of liquid, and the surface solution was 
wiped off well and dried at the room temperature for 5 hours. Furthermore, heat treatment was performed in 80-degree-C vacuum 
for 24 hours, and nylon 6 and the complex of a silica were obtained. 

[0083] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 6 . The maximal 
value is formed in the interior of 100 micrometers from a front face, and the inclination complex of a gestalt with which the core 
has become depressed on the loose inclination is obtained. The maximum/minimum value of silica concentration are about 3.5, and 
the ratio (maximum/saddle) of the saddle of maximum and a core is about 1.5. When calcinated at 800 degrees C for 2 hours, about 
11.2% of the weight of ash content was seen. The amount of silica immobilization in complex increased by using an ammonia 
catalyst in the case of swelling actuation. 

[0084] (Example 7) The nylon 6 of the shape of a film with a thickness of 0.5mm was made immersed in the swelling liquid which 
consists of a methanol and a 0.23 mols [/I. ] hydrochloric-acid water solution (weight ratio = 2:1). and it stirred at 80 degrees C for 
3 hours. About 26% of the weight of the increment in weight was seen. Subsequently, after making the sinking-in liquid which 
consists of TMOS and a methanol (weight ratio = 20:1) immersed and holding at 30 degrees C for 5 hours, the piece of a trial was 
taken out out of liquid, the surface solution was wiped off well, and maintenance was carried out for 10 hours (20 degrees C) under 
the saturated steam ambient atmosphere of 0.4 mols [/I. ] aqueous ammonia. Furthermore, the 15-hour desiccation back was 
performed at the room temperature, the vacuum drying was performed at 80 degrees C for 24 hours, and nylon 6 and the complex 
of a silica were obtained. 

[0085] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 7 . The inclination 
complex of the gestalt which had very high silica concentration in the front face was obtained. When calcinated at 800 degrees C 
for 2 hours, about 6.4% of the weight of ash content was seen. 

[0086] (Example 8) The case where the presentation of the sinking-in liquid in the case of TMOS sinking-in processing was used as 
TMOS and a methanol (weight ratio = 10:1) was examined. Conditions other than the presentation of sinking-in liquid presupposed 
that it is the same as an example 7. Si distribution of the complex cross section obtained from EPMA measurement is shown in 
drawing 8 . The inclination complex of a gestalt with very complicated silica distribution was obtained. The maximum/minimum value 
of silica concentration are about 6. When calcinated at 800 degrees C for 2 hours, about 5.1% of the weight of ash content was 
seen. It turns out that distribution of a silica changes sharply only by changing the amount of methanols in sinking-in liquid a little. 
[0087] (Example 9) Instead of TMOS. the case where the partial polymerization object (MS-51; the Mitsubishi Chemical, Inc. make, 
molecular weight 500 [ about ]) of TMOS was used was examined. The conditions except having made into 50 degrees C 
temperature immersed in MS-51, using MS-51 as a silicone alkoxide presupposed that it is the same as an example 1. Si 
distribution of the complex cross section obtained from EPMA measurement is shown in drawing 9 . It had very large silica 
concentration in the front face, and the inclination complex of a gestalt with which silica concentration decreases rapidly to zero 
among 60 micrometers was obtained from the front face. When calcinated at 800 degrees C for 2 hours, about 1.2% of the weight of 
saccate ash content was seen. 

[0088] (Example 10) The case where the presentation of the sinking-in liquid of MS-51 was used as an MS-51 /methanol (weight 




ratio = 4:1) was examined. Conditions other than the presentation of sinking-in liquid presupposed that it is the same as an example 
9. Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 10 . It had the maximum of 
silica concentration near the front face, and the inclination complex of the gestalt which decreases toward the interior on a loose 
inclination was obtained. The maximum/minimum value of silica concentration are about 2.8. When calcinated at 800 degrees C for 
2 hours, about 4.8% of the weight of ash content was seen. 

[0089] (Example 11) The sheet of a vinyl chloride (Mitsubishi Chemical, Inc. make) was made immersed in an acetone and the 
distilled water (weight ratio = 2:1) mixed solvent at 30 degrees C for 3 hours. About 21% of the weight of the increment in weight 
was seen. Subsequently, after making the sinking-in liquid of TMOS and an acetone (weight ratio = 20:1) immersed at 30 degrees C 
for 5 hours, the piece of a trial was taken out out of liquid, the surface solution was wiped off well, and it held for 8 hours in the 
steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. 

[0090] Furthermore, the 17-hour desiccation back was performed indoors (temperature of 23 degrees C. 35% of humidity), heat 
treatment was performed at 80 degrees C for 24 hours, and the complex of a vinyl chloride and a silica was obtained. Si distribution 
of the complex cross section obtained from EPMA measurement is shown in drawing 1 1 . With the gestalt in which silica 
concentration carries out gradual reduction toward the interior from the surface section, the compound layer is formed over about 
190 microns from the front face, the fault was generated inside about 190 microns, and the inclination complex of the gestalt which 
is not compound-ized was obtained in this interior. The maximum/minimum value of the silica concentration in a compound layer 
are about 1.8. When calcinated at 800 degrees C for about 2 hours, about 8.9% of the weight of ash content was accepted. 
[0091] (Example 12) The vinyl chloride was made immersed in an acetone at 30 degrees C for 10 minutes. About 50% of the weight 
of the increment in weight was seen. Subsequently, after making the sinking-in liquid of TMOS and toluene (weight ratio = 1:1) 
immersed at 30 degrees C for 8 hours, the piece of a trial was taken out out of liquid, the surface solution was wiped off well, and it 
held for 8 hours in the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. Furthermore, the 3-hour 
desiccation back was performed indoors (temperature of 23 degrees C, 35% of humidity), heat treatment was performed at 80 
degrees C for 24 hours, and the complex of a vinyl chloride and a silica was obtained. 

[0092] Si distribution of the complex obtained from EPMA measurement is shown in drawing 12 . It has the maximum of silica 
concentration in a front face, and concentration decreases rapidly to a certain thickness, and the inclination complex of the gestalt 
used as uniform silica concentration is formed inside. An inclined layer is among about 80 micrometers from a front face, and the 
maximum/minimum value of silica concentration are about 1.9. When calcinated at 800 degrees C for about 2 hours, about 8.9% of 
the weight of ash content was accepted. 

[0093] (Example 13) In the example 12, the case where it was made to dry indoors (temperature of 23 degrees C, 35% of humidity) 
for 15 hours was examined without holding under the steamy ambient atmosphere of an aqueous ammonia solution, after infiltrating 
TMOS. The result of EPMA measurement is shown in drawing 13 . The inclination complex of the gestalt which has the maximum of 
silica concentration in the core of complex is formed. After sinking in TMOS, TMOS evaporates from the surface section and it is 
thought that such a gestalt was formed. The maximum/minimum value of silica concentration are about 2.3. When calcinated at 800 
degrees C for about 2 hours, about 10% of the weight of ash content was accepted. 

[0094] (Example 14) The acrylic resin (bitter taste rewrite-L; Mitsubishi Rayon Co., Ltd. make) film was made immersed in TMOS 
and a methanol (weight ratio = 1:1) at 30 degrees C for about seven days. About 98% of the weight of the increment in weight was 
seen. Subsequently, after having taken out the piece of a trial out of liquid, wiping off the surface solution well and carrying out 
immersion into a 0.5 mols [/I. ] aqueous ammonia solution for about 3 hours (25 degrees C), it dried indoors (temperature of 20 
degrees C. 35% of humidity) for about 17 hours, heat treatment was performed at 80 more degrees C for 24 hours, and the complex 
of acrylic resin and a silica was obtained. 

[0095] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 14 . With the gestalt in 
which silica concentration decreases gradually toward the interior, the inclination complex of a gestalt with which main about 45- 
micrometer part is not compound-ized is obtained from the surface section. The thickness of a compound layer is 330 micrometers 
from a front face, and the maximum/minimum value of the silica concentration in a compound layer are about 3. When calcinated at 
800 degrees C for 2 hours, about 17% of the weight of ash content was seen. 

[0096] (Example 15) The acrylic resin film was made immersed in 50-degree C TMOS and methanol (weight ratio =1:1) sinking-in 
liquid for about 1 hour. About 105% of increment in weight was seen. Subsequently, after having taken out the piece of a trial out of 
liquid, wiping off the surface solution well and carrying out immersion into a 1.2 mols [/I. ] aqueous ammonia solution for 5 hours (30 
degrees C), it dried indoors (temperature of 20 degrees C, 35% of humidity) for about 17 hours, heat treatment was performed at 80 
more degrees C for 24 hours, and the complex of acrylic resin and a silica was obtained. 

[0097] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 15 . The complex of a 
gestalt with which silica concentration decreases gradually toward the interior was obtained from the surface section. The 
maximum/minimum value of the silica concentration in a compound layer are about 2.5. All fields are compound-ized although the 
inclination is loose compared with the example 14. When calcinated at 800 degrees C for 2 hours, about 19% of the weight of ash 
content was seen. 

[0098] (Example 16) The acrylic resin film was made immersed in a methanol and MS-51 (weight ratio = 1:1) at 30 degrees C for 
about two days. About 12% of the weight of the increment in weight was seen. Subsequently, the piece of a trial was taken out out 
of liquid, after wiping off the surface solution well and making it immersed in 0.5 mols [/I. ] aqueous ammonia for about 5 hours, it 
dried indoors (temperature of 20 degrees C, 35% of humidity) for about 17 hours, heat treatment was performed at 80 more degrees 
C for 24 hours, and the complex of acrylic resin and a silica was obtained. 

[0099] Si distribution of the compound cross section obtained from EPMA measurement is shown in drawing 16 . The maximum of 
silica concentration is shown in a front face, and the inclination complex of a gestalt with which concentration decreases from a 
front face rapidly to zero among 25 micrometers was obtained. From a front face, by 25-micrometer or more inside, most silica 
concentration is zero and is not compound-ized. When calcinated at 800 degrees C for 2 hours, about 0.8% of the weight of saccate 
ash content was seen. 

[0100] (Example 17) Nylon -66 film was made immersed in the swelling liquid which consists of a tetrahydrofuran (THF), distilled 
water, and triethylamine (weight ratio = 40:10:1) at 80 degrees C for 5 hours. About 15% of the weight of the increment in weight 
was seen. Subsequently, after making a 30-degree C TMOS solution immersed for about 12 hours, the piece of a trial was taken out 
out of liquid, the surface solution was wiped off well, it dried at the room temperature for about 4 hours, heat treatment was 
performed in 80 more degree-C vacuum for 24 hours, and compound of Nylon 66 and a silica was obtained. 

[0101] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 17 . It had the maximum 




of surface silica concentration and the inclination complex of the gestalt which decreases toward the interior was obtained. When 
calcinated at 800 degrees C for 2 hours, about 2.1% of the weight of ash content was seen. 

[0102] (An example 18 and example 2 of a comparison) The film of polypropylene (Mitsubishi polypropylene PY-240B, Mitsubishi 
Chemical, Inc. make) was made immersed into 105-degree C toluene for about 2 hours. About 100% of the weight of the increment 
in weight was seen. Subsequently, after making it immersed at 30 degrees C into TMOS for 20 hours, the piece of a trial was taken 
out out of liquid, the surface solution was wiped off well, and it was made to hold under a 0.6 mols [/I. ] ammonia ambient 
atmosphere for 17 hours. After making it dry at a room temperature for 5 hours, it heat-treated at 150 degrees C by 80 degrees C 
for 2 hours for 3 hours, and the complex of polypropylene and a silica was obtained. 

[0103] Change was not looked at by the appearance of polypropylene. Si distribution of the complex cross section obtained from 
EPMA measurement is shown in drawing .18 . The inclination complex of the gestalt which had the maximum of silica concentration 
in the front face was obtained. When calcinated at 800 degrees C for 2 hours, about 18% of the weight of ash content was obtained. 

[0104] When dynamic visco elasticity measurement was performed, the peak temperature of 1.5GPa(s), and 530MPa(s) and tan delta 
of the Young's modulus in 30 degrees C of complex and 100 degrees C was 143 degrees C, respectively. Moreover, the Young's 
modulus of 30 degrees C and 100 degrees C of a polypropylene simple substance (example 2 of a comparison) was 0.8GPa(s) and 
250MPa(s), respectively, and the tan delta peak was 81 degrees C. It turns out that elasticity is improving remarkably. 
[0105] The adhesive property over epoxy system adhesives (Cemedine high super 30, the Cemedine Co., Ltd. make, Araldite) was 
investigated. Adhesives were attached to complex and a polypropylene resin simple substance, respectively, the field which applied 
adhesives was piled up mutually, and adhesives were stiffened. When a part for jointing is exfoliated, it is generated in respect of 
adhesion with polypropylene and adhesives, and exfoliation is understood that the adhesive property over epoxy system adhesives 
is improving. 

[0106] In addition, using DMA-200 by SEIKO electronic industry incorporated company, the temperature up of the dynamic 
viscoelasticity measurement was carried out by part for 2-degree-C/, and it was measured by 1Hz. 

[0107] (Example 19) Polyacetal (Iupital F-10. Mitsubishi Gas Chemical Co., Inc. make) was made immersed into 100-degree C 
ETORA chloroethane for 3 hours. About 18% of the weight of the increment in weight was seen. Subsequently, after making it 
immersed into 30-degree C TMOS liquid for 17 hours, the piece of a trial was taken out out of liquid, the surface solution was 
wiped off well, and it was made to hold under a 0.6 mols [/I. ] ammonia ambient atmosphere for 17 hours. After making it dry at a 
room temperature for 5 hours, it heat-treated at 150 degrees C by 80 degrees C for 2 hours for 3 hours, and the complex of 
polyacetal and a silica was obtained. Si distribution of the complex cross section obtained from EPMA measurement is shown in 
drawing 19 . The inclination complex of the gestalt which had the maximum of silica concentration in the front face was obtained. 
When calcinated at 800 degrees C for 2 hours, about 1 1% of the weight of ash content was obtained. 

[0108] (Example 20) The film of polyvinylidene fluoride (1000VLD Showa Denko K.K. make) was made immersed in a 50-degree C 2- 
butanone solution for 4 hours. About 9.5% of the weight of the increment in weight was seen. Subsequently, after making it 
immersed for 15 hours into the 30-degree C sinking-in liquid of TMOS and triethylamine (weight ratio = 10:1), it was made to dry at 
a room temperature for 15 hours. Furthermore, it heat-treated at 150 degrees C by 80 degrees C for 2 hours for 24 hours, and the 
complex of polyvinylidene fluoride and a silica was obtained. Si distribution of the complex cross section obtained from EPMA 
measurement is shown in drawing 20 . The inclination complex of the gestalt which had the maximum of silica concentration in the 
front face was obtained. 

[0109] (Example 21) The sheet of polybutylene terephthalate (PBT; PURANAKKU by Dainippon Ink & Chemicals, Inc. BT-128) was 
made immersed in a 80-degree C tetrahydrofuran (THF), distilled water, and the mixed solvent of triethylamine (weight ratio = 
40:10:1) for 8 hours. About 4% of the weight of the increment in weight was seen. Subsequently, after making the sinking-in liquid of 
30-degree C TMOS and chloroform (weight ratio = 10:1) immersed for 15 hours, the piece of a trial is taken out out of liquid, and 
the surface solution was wiped off well and dried at the room temperature for 24 hours. Furthermore, it performed at 80 degrees C 
for 10 hours, heat treatment was performed at 150 degrees C for 3 hours, and the complex of PBT and a silica was obtained. 
[0110] Si distribution near the front face of the complex cross section obtained by drawing 21 from EPMA measurement is shown. 
The inclination complex of a gestalt with which concentration decreases rapidly to zero by 70 micrometers with the maximum of 
silica concentration on a front face was obtained. From a front face, inside 70 micrometers or more, most silica concentration is 
zero and is not compound-ized. When calcinated at 800 degrees C for 2 hours, about 0.6% of the weight of saccate ash content was 
seen. 

[0111] (Example 22) The sheet of PBT was made immersed at 60 degrees C into chloroform for 4 hours. About 28% of the weight of 
the increment in weight was seen. Subsequently, after making 30-degree C TMOS liquid immersed for 5 hours, the piece of a trial is 
taken out out of liquid, and the surface solution was wiped off well and dried at the room temperature for 24 hours. Furthermore, it 
performed at 80 degrees C for 10 hours, heat treatment was performed at 150 degrees C for 3 hours, and the complex of PBT and 
a silica was obtained. Si distribution near the front face of the complex cross section obtained by drawing 22 from EPMA 
measurement is shown. The inclination complex of the gestalt which inclines gently in the thickness direction with the maximum of 
silica concentration on a front face was obtained. When calcinated at 800 degrees C for 2 hours, about 1% of the weight of saccate 
ash content was seen. 

[0112] (Example 23) Polyethylene terephthalate (PET; J-125 by Mitsui pet incorporated company) was quenched after a melting 
press and to underwater at 250 degrees C. and the high transparency PET film of amorphism nature was obtained. The 
transparence PET film was made immersed in a chloroform solution at 60 degrees C for 4 hours. About 45% of the weight of the 
increment in weight was seen. Subsequently, after making the sinking-in liquid of 30-degree C TMOS and chloroform (weight ratio = 
10:1) immersed for 15 hours, the piece of a trial is taken out out of liquid, and the surface solution was wiped off well and made 
immersed in a 0.15 mols [/I. ] aqueous ammonia solution for about 5 hours. Furthermore, it dried at the room temperature for 5 
hours, and it performed at 80 degrees C for 4 hours, heat treatment was performed at 150 degrees C for 3 hours, and the complex 
of PET and a silica was obtained. 

[0113] Si distribution near the front face of the complex cross section obtained by drawing 23 from EPMA measurement is shown. 
The inclination complex of a gestalt with which concentration decreases toward the thickness direction with the maximum of silica 
concentration on a front face was obtained. When calcinated at 800 degrees C for 2 hours, about 5.3% of the weight of saccate ash 
content was seen. 

[0114] (Example 24) The oriented film of PET was made immersed in chloroform and the solution of triethylamine (weight ratio = 
50:2) at 60 degrees C for 5 hours. About 18% of the weight of the increment in weight was seen. Subsequently, after making a 30- 



degree C TMOS solution immersed for 15 hours, the piece of a trial was taken out out of liquid, the surface solution was wiped off 
well, and it was made to hold for about 5 hours under the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia 
solution. Furthermore, it performed at desiccation and 80 degrees C for 4 hours for 5 hours, the room temperature performed heat ' 
treatment at 150 degrees C for 3 hours, and the complex of PET and a silica was obtained. 

[0115] Si distribution of the complex cross section obtained by drawing 24 from EPMA measurement is shown. The inclination 
complex of the gestalt which inclines in the thickness direction with deep silica concentration into a surface part was obtained. 
Compound-ization is performed among 15 micrometers from the front face, and inside it, most silica concentration serves as zero 
and is not compound-ized. When calcinated at 800 degrees C for 2 hours, about 1% of the weight of ash content was seen. 
[0116] (Example 25) The PET film was made immersed at 110 degrees C into tetrachloroethane for 5 hours. About 32% of the 
weight of the increment in weight was seen. Subsequently, after making the sinking-in liquid of TMOS and tetrachloroethane (weight 
ratio = 1:1) immersed at 30 degrees C for 10 hours, the piece of a trial was taken out out of liquid, the surface solution was wiped 
off well, and it was made to hold for about 5 hours under the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia 
solution. Furthermore, it performed at desiccation and 80 degrees C for 4 hours for 5 hours, the room temperature performed heat 
treatment at 150 degrees C for 3 hours, and the complex of PET and a silica was obtained. Si distribution of the complex cross 
section obtained by drawing 25 from EPMA measurement is shown. When calcinated at 800 degrees C for 2 hours, about 3.5% of the 
weight of ash content was seen. 

[0117] (Example 26) The sheet of the thermoplastic elastomer (GURIRAKKUSU by Dainippon Ink & Chemicals, Inc. E-500) of a 
polyester system was made immersed in the sinking-in liquid of chloroform and tetra-ethoxy tin (weight ratio = 10:1) for five days. 
About 100% of the weight of the increment in weight was seen. Subsequently, the piece of a trial was taken out out of liquid, the 
surface solution was wiped off well, the 24-hour desiccation back was performed at the room temperature, heat treatment was 
performed at 100 degrees C for 24 hours, and the complex of thermoplastic elastomer and the tin oxide was obtained. 
[0118] Distribution of the tin in the complex cross section obtained by EPMA to drawing 26 is shown. The inclination complex of the 
gestalt which inclines toward the thickness direction with the maximum of tin-oxide concentration on a front face was obtained. An 
inclination field is from a front face to about 140 micrometers, and it has fixed concentration inside it. When calcinated at 800 
degrees C for 2 hours, about 2.5% of the weight of ash content was seen. 

[01 19] (Example 27) 2g of sinking-in liquid of the partial polymerization object (MS-56; the Mitsubishi Chemical, Inc. make, molecular 
weight 1000 [ about]) of TMOS, chloroform, and ethylenediamine (weight ratio = 10:100:1) was infiltrated into spherical pellet 0.4g 
of the thermoplastic elastomer of a polyester system. Subsequently, after holding for 24 hours under the steamy ambient 
atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution, it performed at the room temperature for 24 hours, heat treatment was 
performed at 80 degrees C for 24 hours, and the complex of thermoplastic elastomer and a silica was obtained. 
[0120] Drawing 27 shows the silica distribution from the core of the complex cross section obtained from EPMA measurement to a 
front face. The inclination complex of the gestalt which inclines toward the interior with the maximum of silica concentration on a 
front face was obtained. The inclined layer is crossed to 900 micrometers from the front face, and serves as fixed silica 
concentration inside it. When calcinated at 800 degrees C for about 2 hours, about 14.5% of the weight of saccate ash content was 
accepted. 

[0121] (Example 28) Nylon 6 was made immersed in the swelling liquid which consists of a methanol and distilled water (weight ratio 
= 2:1). and it stirred at 80 degrees C for 3 hours. About 25% of the weight of the increment in weight was seen. Subsequently, the 
sinking-in liquid of 30-degree C TMOS and a methanol (weight ratio = 10:1) was made immersed for four days. Furthermore, after 
making nylon -6 sheet which sank in this TMOS immersed in the swelling liquid which consists of a methanol, distilled water, and 
triethylamine (weight ratio = 80:40:1) and stirring at 80 degrees C for 3 hours, the 30-degree C TMOS solution was made immersed 
for 5 hours. After taking out the piece of a trial out of liquid and wiping off a surface solution well, it was made to dry at a room 
temperature for 24 hours, heat treatment was performed in 80-degree-C vacuum for 24 hours, and nylon 6 and the complex of a 
silica were obtained. 

[0122] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 28 . It had very 
deep silica concentration near the front face, and the inclination complex of a gestalt with which concentration falls rapidly toward 
the thickness direction was obtained. When calcinated at 800 degrees C for 2 hours, about 15% of the weight of saccate ash 
content was seen. By processing inclination compound-ization twice, component inclination complex with very high silica 
concentration was obtained. 

[0123] (Example 29) The sheet of a vinyl chloride was made immersed in the sinking-in liquid of 30-degree C TMOS and an acetone 
(weight ratio = 1 :1) for 6 hours, and sinking-in liquid was fully infiltrated. About 120% of the weight of the increment in weight was 
seen. Subsequently, after taking out the piece of a trial out of liquid and wiping off a surface solution well, the chlorination vinyl 
sheet which sank in TMOS was held at 80 degrees C for about 15 hours, and the complex of a vinyl chloride and a silica was 
obtained. Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 29 . The 
inclination complex of the gestalt which inclines gently with the maximum of two silica concentration inside was obtained. When 
calcinated at 800 degrees C for 2 hours, about 13.6% of the weight of ash content was seen. 

[0124] (Example 30) In the example 29, after making the chlorination vinyl sheet which sank in TMOS immersed into 30-degree C 
distilled water for about 3 hours, it was made to dry at a room temperature for 15 hours, heat treatment was performed at 80 
degrees C for about 15 hours, and the complex of a vinyl chloride and a silica was obtained. Distribution of Si of the cross section 
of complex was measured using EPMA. A result is shown in drawing 30 . The inclination complex of the inclining gestalt which has 
the maximum of the silica concentration of a sharp peak in the surface section, and forms the maximal value of silica concentration 
in a core on an inclination loose inside is obtained. When calcinated at 800 degrees C for 2 hours, about 20% of the weight of ash 
content was seen. 

[0125] (Example 31) The sheet of a vinyl chloride was immersed in the sinking-in liquid of toluene and triisopropoxy aluminum 
(weight ratio = 4:1) at 30 degrees C for 15 hours. About 22.5% of the weight of the increment in weight was seen. Subsequently, 
after taking out the piece of a trial out of liquid and wiping off a surface solution well, in the steamy ambient atmosphere of 0.5 mols 
[/I. ] aqueous ammonia, it held for about 15 hours and the complex of a vinyl chloride and an alumina was obtained. The distribution 
measurement result of Si of the complex cross section by EPMA is shown in drawing 31 . The inclination complex of the gestalt 
which has the maximum of the silica concentration of a sharp peak in the surface section is obtained. When calcinated at 800 
degrees C for 2 hours, about 1.5% of the weight of ash content was seen. 

[0126] (Example 32) The polypropylene (Dynal GH-110, Dainippon Ink & Chemicals, Inc. make) of carboxylic-acid denaturation was 
made immersed in TORUERU at 80 degrees C for about 6 hours. About 24% of the weight of the increment in weight was seen. 




Subsequently, after making a 30-degree C TMOS solution immersed for 15 hours, the piece of a trial was taken out out of liquid, 
the surface solution was wiped off well, and it was made to hold in a 0.6 mols [/I. ] aqueous ammonia solution ambient atmosphere 
for about 5 hours. Furthermore, it performed at desiccation and 80 degrees C for 24 hours for 3 hours, the room temperature 
performed heat treatment at 150 degrees C for 5 hours, and the complex of denaturation polypropylene and a silica was obtained. 
The measurement result of Si distribution of the complex cross section by EPMA is shown in drawing 32 . The inclination complex 
of the gestalt which has the maximum of silica concentration on a front face was obtained. When calcinated at 800 degrees C for 2 
hours, about 6.7% of the weight of ash content was seen. 

[0127] (Example 33) The styrene system copolymer (clear PAKUTO TI- 300, Dainippon Ink & Chemicals, Inc. make) was made 
immersed in the sinking-in liquid of MS-51 and a methanol (weight ratio =1:1) for 90 minutes at 50 degrees C. About 17% of the 
weight of the increment in weight was seen. Subsequently, after taking out the piece of a trial out of liquid and wiping off a surface 
solution well, it held in the 0.6 mols [/I. ] aqueous ammonia solution ambient atmosphere for about 5 hours, and desiccation was 
performed at the room temperature for 3 hours, heat treatment was performed at 80 more degrees C for 24 hours, and the complex 
of a styrene system copolymer and a silica was obtained. The measurement result of Si distribution of the complex cross section 
by EPMA is shown in drawing 33 . The inclination complex of the gestalt which has the maximum of silica concentration in the 
surface section was obtained. When calcinated at 800 degrees C for 2 hours, about 3.5% of the weight of ash content was seen. 
[0128] (Example 3 of a comparison) the homogeneity which consists of MS-51, a methanol, and distilled water (weight ratio = 
4:1:0.8) — the transparent sol solution was prepared. Although it applied on the sheet of nylon 6 and acrylic resin and the spin coat 
(lOOOrpm, 20 seconds) was performed after stirring this sol solution for two days at 25 degrees C, neither nylon 6 nor acrylic resin 
was able to crawl and carry out the coat of the sol solution. Furthermore, KOTIGU [ it / sol liquid was not able to become a drop 
and ] on nylon 6 and acrylic resin although coating was tried with the dip coating method. 

[0129] (Examples 4 and 5 of a comparison) MS-51 were respectively applied on the sheet of direct nylon 6, and the sheet (0.5mm 
thickness) of acrylic resin, and the spin coat OOOOrpm. 20 seconds) was performed. Coating of MS-51 was carried out to 
homogeneity, without crawling. It dried at the room temperature behind the coat for 5 hours, and heat treatment was performed at 
80 more degrees C for 24 hours. 

[0130] In order to investigate the situation of the silica of the organic macromolecute front face by which coating was carried out, 
the EPMA spectrum of Si of the surface section was measured. A result is shown in drawing 34 (the example 4 of a comparison, 
nylon 6), and drawing 35 (the example 5 of a comparison, acrylic resin). A silica is looked at by only the surface section and has not 
carried out impregnation in the organic macromolecule. Moreover, the applied amount of silicas is ultralow volume. Although 
calcinated at 800 degrees C for 2 hours, ash content was not seen in nylon 6, and with acrylic resin, although existence of ash 
content has been checked, it was not able to calculate a residue in a minute amount. 

[0131] (Example 34) The sheet of acrylic resin was made immersed in a 50-degree C methanol for 20 minutes. About 22% of the 
weight of the increment in weight was seen. Subsequently, after making the solution of tetrabutoxytitanium and an acetylacetone 
(mole ratio = 1:2) immersed at a room temperature for 4 hours, it took out from the solution, the methanol washed the front face, 
and it was made to dry at a room temperature for about 15 hours. Furthermore, heat treatment was performed at 80 degrees C for 
24 hours, and the complex of acrylic resin and titanium oxide was obtained. Drawing 36 shows distribution of Ti of the complex 
cross section obtained from EPMA measurement. The complex of the gestalt which has the maximum of titania concentration in a 
front face is obtained. When calcinated at 800 degrees C for 2 hours, 3.5% of the weight of ash content was seen. 
[0132] (Example 35) The sheet of a polyvinyl chloride was made immersed in a 30-degree C acetone for 30 minutes. About 150% of 
the weight of the increment in weight was seen. Subsequently, after making the solution of tetra-ethoxy titanium and an acetic acid 
(mole ratio = 2:1) immersed at a room temperature for 4 hours, it took out from the solution, the methanol washed the front face, 
and it was made to dry at a room temperature for about 15 hours. Furthermore, heat treatment was performed at 80 degrees C for 
24 hours, and the complex of a polyvinyl chloride and titanium oxide was obtained. Drawing 37 shows distribution of Ti of the 
complex cross section obtained from EPMA measurement. The complex of the gestalt which has the maximum of titania 
concentration in a front face is obtained. When calcinated at 800 degrees C for 2 hours, 3.5% of the weight of ash content was 
seen. 

[0133] (Example 36) The sheet of nylon 6 was made immersed in the mixed solution of 40-degree C aqueous ammonia [ 1.2 
mols //I. ] and a methanol (weight ratio = 2:1) for 2 hours. About 9% of the weight of the increment in weight was seen. 
Subsequently, after holding for 3 hours under the steamy ambient atmosphere of TMOS heated at 100 degrees C, it was made to 
dry at ejection and a room temperature for 2 hours. Furthermore, heat treatment was performed at 80 degrees C for 24 hours, and 
the complex of nylon 6 and a silica was obtained. Drawing 38 shows distribution of Si of the complex cross section obtained from 
EPMA measurement. The complex of the gestalt which has the maximum of silica concentration in a front face is obtained. When 
calcinated at 800 degrees C for 2 hours, 0.5% of the weight of ash content was seen. 

[0134] (Example 37) TMOS 10g and acetone 10g and water 1.2g sinking-in liquid was prepared and immersion of the sheet of a 
polyvinyl chloride was immediately carried out after sinking-in liquid preparation for 2 hours (30 degrees C). 63% of the weight of the 
increment in weight was seen. After taking out resin and making it dry at a room temperature for 2 hours, heat treatment was 
performed at 80 degrees C for 24 hours, and the complex of a polyvinyl chloride and a silica was obtained. Drawing 39 shows 
distribution of Si of the complex cross section obtained from EPMA measurement. When calcinated at 800 degrees C for 2 hours, 
21% of the weight of ash content was seen. 

[0135] (Example 38) About the case where 4.6g (example 38) addition of distilled water is carried out, the same examination as an 
example 37 was performed in sinking-in liquid. Drawing 40 shows distribution of Si of the complex cross section obtained from 
EPMA measurement. In addition, in not adding water, most silicas serve as complex of a gestalt distributed over homogeneity, and it 
understands them that the inclination gestalten of the complex obtained by adding water in sinking-in liquid differ greatly. When 
calcinated at 800 degrees C for 2 hours, ash content was 3 % of the weight. 

[0136] (Example 39) After making the sinking-in liquid used in the example 37 stir at 30 degrees C for 2 hours, the sheet of a 
polyvinyl chloride was used as sinking-in liquid for 2 hours (30 degrees C). After taking out resin and making it dry at a room 
temperature for 2 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a polyvinyl chloride and a 
silica was obtained. Drawing 4141 shows distribution of Si of the complex cross section obtained from EPMA measurement. When 
calcinated at 800 degrees C for 2 hours, 18% of the weight of ash content was seen. The inclination gestalt of complex is changing 
by using the sinking-in liquid to which TMOS was made to react for 2 hours. 

[0137] (Example 40) The sheet of a polyvinyl chloride was made immersed in the sinking-in liquid of TMOS and toluene (weight ratio 
= 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was seen. Subsequently, the polymer was 




taken out from the solution, the surface solution was wiped off well, and it was made to hold in a 0.2 mols [/I. ] hydrochloric-acid 
water solution for about 5 hours. After making it dry at a room temperature for 15 hours, heat treatment was performed at 80 
degrees C for 24 hours, and the complex of a polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 
micrometers. When the silica particle in complex was observed with the scanning electron microscope (SEM), near the front face, 
the silica particle of 600 to 800 nm was seen, and about 150 micrometers of silica particles of 150 to 200 nm were observed 200 to 
400 nm, and near the core inside from the front face. 

[0138] (Example 41) The sheet of a polyvinyl chloride was made immersed in the sinking-in liquid of TMOS and toluene (weight ratio 
= 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was seen. Subsequently, the polymer was 
taken out from the solution, the surface solution was wiped off well, and it was made to hold in a 0.6 mols [/I. ] aqueous ammonia 
solution for about 5 hours. After making it dry at a room temperature for 15 hours, heat treatment was performed at 80 degrees C 
for 24 hours, and the complex of a polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 
micrometers. When the silica particle in complex was observed with the scanning electron microscope (SEM), near the front face, 
the silica particle of 20 to 100 nm was seen, and the silica particle of 200 to 300 nm was observed 100 to 200 nm, and near the 
core inside about 150 micrometers from the front face. 

[0139] (Example 42) The sheet of a polyvinyl chloride was made immersed in the solution of an acetone and an acetic acid (weight 
ratio = 10:1) at 30 degrees C for 1 hour. About 130% of the weight of the increment in weight was seen. Subsequently, the sinking- 
in liquid of TMOS and an acetone (weight ratio = 1:1) was made immersed at 30 degrees C for 16 hours, the polymer was taken out 
from the solution, the surface solution was wiped off well, and it was made to hold in a 0.7 mols [/I. ] aqueous ammonia solution for 
about 5 hours. Furthermore, after making it dry at a room temperature for 15 hours, heat treatment was performed at 80 degrees C 
for 24 hours, and the complex of a polyvinyl chloride and a silica was obtained. When the silica particle in complex was observed 
with the scanning electron microscope (SEM), in the layer from a front face to 20 micrometers, the very fine particle of a silica 
150nm or less is seen, it is at the inside of the layer, there is a layer of the giant particle of 500 to 1000 nm, and the layer of the 
silica particle of 80 to 200 nm was observed near the core. 
[0140] 

[Effect of the Invention] This invention can offer the manufacture approach which was excellent in the complex of the organic 
macromolecule and metallic oxide to which it excels in kinetic property, such as a heat-resistant property useful as various 
materials, such as a molding material, the electrical and electric equipment and electronic parts, a machine part, autoparts, sporting 
goods, a film, and fiber, and disruptive strength, and an adhesive property, and transparency may be changed according to a 
request, and which have constituent concentration inclination structure with a continuous metallic oxide. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of the complex of the organic macromolecule and 
metallic oxide which a metallic -oxide particle distributes with continuous concentration inclination structure in the organic 
macromolecule solid-state which raised useful thermal resistance and a useful mechanical property, and chemical resistance in 
various fields, such as various materials, a molding material, a film, and fiber, and which have the so-called constituent 
concentration inclination structure. 
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PRIOR ART 



[Description of the Prior Art] Examination of former versatility has accomplished for the purpose which improves the engine 
performance of an organic macromolecule. Mixing powdered inorganic materials, such as a calcium carbonate which has the 
property excellent in thermal resistance, mechanical characteristics, chemical resistance, etc. as the one attempt, a silica, a titania, 
and an alumina, in an organic macromolecule is performed widely. 

[0003] Since properties, such as thermal infusibility which an inorganic material has, chemical insolubility, high specific gravity, and a 
surface characteristic, differ from organic polymeric materials greatly when performing compound-ization by mixing with an 
inorganic material, it is not easy to control a distributed condition micro, and it is general to be compound-ized for the purpose of 
obtaining a homogeneous bulk composite material chiefly. 

[0004] That is, in order to raise the reforming effectiveness, it excels in wettability with the organic macromolecule of a matrix, and 
the inorganic material of a smaller configuration is chosen, and it has become an important factor in compound-izing to distribute 
them to homogeneity as much as possible. However, an inorganic material has the problem to which it becomes difficult to which to 
carry out homogeneity distribution into an organic macromolecule, and a manufacture price becomes high, so that it is made into a 
particle. 

[0005] Therefore, in order to consider as the composite of the high performance by which it was homogeneous in micro and the 
decentralized structure was controlled in the organic material and the particle-like inorganic material, it is difficult to obtain by 
approach which was mentioned above and which only carries out mixed distribution of the particle-like inorganic material, and it 
needs development of a new technique. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] This invention can offer the manufacture approach which was excellent in the complex of the organic 
macromolecule and metallic oxide to which it excels in kinetic property, such as a heat-resistant property useful as various 
materials, such as a molding material, the electrical and electric equipment and electronic parts, a machine part, autoparts, sporting 
goods, a film, and fiber, and disruptive strength, and an adhesive property, and transparency may be changed according to a 
request and which have constituent concentration inclination structure with a continuous metallic oxide. 
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TECHNICAL PROBLEM 



[The technical problem which invention makes solution ******] The technical problem which this invention makes solution ****** 
is to offer the manufacture approach which was excellent in the complex of the organic macromolecule and the metallic oxide which 
a metallic oxide distributes with continuous concentration inclination structure inside the organic macromolecule which is excellent 
in kinetic property , such as a heat-resistant property useful as various materials , such as a molding material , the electrical and 
electric equipment and electronic parts , a machine part , autoparts . sporting goods , a film , and fiber , and disruptive strength , 
and an adhesive property , and which have the so-called constituent concentration inclination structure . 
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MEANS 

[Means for Solving the Problem] As a result of inquiring wholeheartedly, this invention persons the solution of a metal alkoxide 
and/or a metal alkoxide to a solid organic macromolecule [ whether it is made to sink in so that a concentration gradient may be 
produced, and ] By or the simple method of infiltrating the solution of water and/or acidity, or a basic catalyst so that a 
concentration gradient may be produced, carrying out the polycondensation of the metal alkoxide subsequently, and making a 
metallic oxide fix It finds out that the complex of the organic macromolecule and metallic oxide which a metallic oxide has 
continuous concentration inclination structure, and distributed and which have constituent concentration inclination structure can 
be manufactured, and came to complete this invention. 

[0008] that is , this invention be the manufacture approach of the complex of the organic macromolecule and metallic oxide which 
be make to carry out the polycondensation reaction of this metal alkoxide , and be characterize by fix as a metallic oxide , which a 
metallic oxide have a concentration gradient and distributed and which have constituent concentration inclination structure , after 
infiltrate a metal alkoxide so that it may have a concentration inclination in the interior of an organic macromolecule solid-state . 
[0009] Moreover, this invention is the manufacture approach of the complex of the organic macromolecule and metallic oxide which 
have the constituent concentration inclination structure characterized by making the concentration inclination structure of a metal 
alkoxide form in the interior of an organic macromolecule, and [0010] by ending immersion actuation, before a solid organic 
macromolecule is immersed in the solution containing a metal alkoxide or a metal alkoxide and a metal alkoxide sinks in into an 
organic macromolecule at homogeneity. It is the manufacture approach of the complex of the organic macromolecule and metallic 
oxide which have the constituent concentration inclination structure characterized by making the concentration inclination 
structure of a metal alkoxide form in the interior of an organic macromolecule by immersing a solid organic macromolecule in the 
solution containing a metal alkoxide and water, and performing sinking-in actuation into the solid-state organic macromolecule of a 
metal alkoxide. 

[0011] After immersing this invention in the solution containing a metal alkoxide or a metal alkoxide in a solid organic 
macromolecule and infiltrating a metal alkoxide into a solid organic macromolecule, furthermore, by removing a part of metal 
alkoxide from this organic macromolecule The manufacture approach of the complex of the organic macromolecule and metallic 
oxide which are made to form the concentration inclination structure of a metal alkoxide in the interior of an organic 
macromolecule, and subsequently have the constituent concentration inclination structure characterized by carrying out the 
polycondensation reaction of this metal alkoxide, [0012] A metal alkoxide is infiltrated into a solid organic macromolecule at 
homogeneity, water and/or an acid catalyst, or a basic catalyst is infiltrated into this organic macromolecule so that it may have a 
concentration inclination, and the manufacture approach of the complex of the organic macromolecule and metallic oxide which are 
characterized by performing the polycondensation reaction of a metal alkoxide and which have constituent concentration inclination 
structure is included. Moreover, this invention also includes the manufacture approach using the solid organic macromolecule made 
to swell with swelling liquid beforehand as these solid organic macromolecules. 

[0013] Furthermore, the manufacture approach of this invention is the solid organic macromolecule into which the metal alkoxide 
was infiltrated being immersed into a water solution including water and/or an acid catalyst, or a basic catalyst, infiltrating water 
and/or an acid catalyst, or a basic catalyst into this organic macromolecule. carrying out the polycondensation reaction of the 
metal alkoxide in this organic macromolecule, and making it fix as a metallic oxide, and [0014] in detail. Or by holding the solid 
organic macromolecule into which the metal alkoxide was infiltrated in a steam ambient atmosphere including an acid catalyst or a 
basic catalyst, the metal alkoxide inside an organic macromolecule is made to react, and it is characterized by making it fix as a 
metallic oxide. 

[0015] Furthermore, while this invention is immersed in the mixing solvent which consists a solid organic macromolecule of the 
organic solvent made to swell an organic macromolecule and the solution of water and/or an acid catalyst, or a basic catalyst and 
making this organic macromolecule swell Water and/or an acid catalyst, or a basic catalyst is infiltrated into an organic 
macromolecule. Subsequently This organic macromolecule is immersed in the solution containing a metal alkoxide or a metal 
alkoxide, and the manufacture approach of the complex of the organic macromolecule and metallic oxide which are characterized by 
performing the polycondensation reaction of a metal alkoxide and which have constituent concentration inclination structure is 
included. 

[0016] The manufacture approach of this invention as a solid organic macromolecule used as a raw material especially A polyamide, 
polyolefine, polyester, a polyvinyl chloride, acrylic resin, At least one sort chosen from a polystyrene copolymer, thermoplastic 
elastomer, polyacetal, and fluororesin is used, The ratio of the maximum of the partial concentration of a metallic oxide and the 
minimum value from which the complex of the organic macromolecule and metallic oxide which are obtained is distributed in this 
complex is 1.5 or more. The complex of the organic macromolecule and metallic oxide which are obtained is the manufacture 
approach characterized by having the component inclination structure of a metallic oxide in the thickness direction of this complex. 
[0017] moreover , the metallic oxide concentration to which magnitude of the particle diameter of the metallic oxide distribute 
within an organic macromolecule be characterize by to have the gestalt which changed continuously include the manufacture 
approach of the complex of the organic macromolecule and the metallic oxide which have inclination structure by this invention 
infiltrate water and/or an acid catalyst , or a basic catalyst into the solid organic macromolecule into which the metal alkoxide be 
infiltrated so that it may have a concentration inclination . and perform the polycondensation reaction of a metal alkoxide . 
[0018] 

[Embodiment of the Invention] This invention is explained further below at a detail. As a solid organic macromolecule used for this 



invention, each the various solid thermoplastics and the thermosetting resin which are generally marketed are usable. Also in it, the 
organic macromolecule which sinks in 5 % of the weight or more preferably 1% of the weight or more in the swelling liquid specified 
by the organic solvent or the following is desirable. 

[0019] Specifically, it is styrene copolymers, such as thermoplastic elastomer, such as polyamides, such as polyester, such as 
polyethylene, polypropylene, polyolefine of Pori 4-methyl pentene-1 grade, polyethylene terephthalate, and polybutylene 
terephthalate, nylon 6, and Nylon 66, polyacetal, a polyvinyl chloride, a polyester system, and a polyamide system, styrene and a 
butadiene, and methacryiic acid, and [0020]. Fluororesin, such as acrylic resin, such as polymethylmethacrylate, and polyvinylidene 
fluoride, a polycarbonate, phenoxy resin, polyphenylene oxide, the poly ape phone, polyether sulphone, etc. are used, and it is used 
with the gestalt of a sheet, a film, fiber, a lot, a pellet, powder, and various kinds of mold goods. 

[0021] The solution containing the silicone alkoxide system monomers the solutions containing the metal alkoxide or metal alkoxide 
of this invention are indicated to be as a metal alkoxide by the general formula and R4~nM(OR) n (M Si and R an alkyl group, 
CmH2m+ if 1 m= 1-6n 3 or 4), those with a polymerization degree of about two to ten partial hydrolysis polycondensation objects or 
those mixture, and/or it and an organic solvent is used. 

[0022] Moreover, as a metal atom, it is also possible independent or to mix and use two or more sorts in what is Ti, Sn, aluminum, 
and Zr in addition to Si. The mixed liquor of the organic solvent in which dissolves with the solution containing a metal alkoxide or a 
metal alkoxide as swelling liquid used in order to make an organic macromolecule swell in this invention, and is made to swell the 
organic macromolecule solid-state to be used, and it deals, or these organic solvents is used. 

[0023] The concrete organic solvent used for the solution containing a metal alkoxide or swelling liquid is amide systems, such as 
ether systems, such as diethylether, dioxane, and a tetrahydrofuran (THF), dimethylformamide (DMF), dimethylacetamide (DMA), 
and N-methyl pyrrolidone (NMP), and [0024], for example, although it cannot generally specify since a suitable thing changes with 
classes of organic macromolecule metallurgy group alkoxide to be used. Halogenated hydrocarbon systems, such as aromatic series 
systems, such as hydrocarbon systems, such as alcoholic systems, such as ketone systems, such as ester systems, such as ethyl 
acetate and methyl acetate, an acetone, and 2-butanone (MEK), a methanol, ethanol, 2-propanol, and a butanol. a hexane, and a 
cyclohexane, toluene, a xylene, m-cresol, benzene, and a nitrobenzene, a carbon tetrachloride, chloroform, dichloromethane. and a 
dichloroethane, [0025] organic solvents, such as amine systems, such as silicone systems, such as dimethylpolysiloxane and a 
SAIKUROMECHI cone, triethylamine. diethylamine, and a pyridine, other dimethyl sulfoxides (DMSO), an acetonitrile, a carbon 
disulfide, and methylethyl Cellosolve, — diketone systems, such as acetylacetone, 2, and 4-hepta-dione, and [0026] [ or ] It is 
possible independence or for more than one to be mixed and to use organic solvents, such as amino alcohol, such as keto alcohol, 
such as hydroxycarboxylic acid systems, such as keto ester, such as methyl acetoacetate and an ethyl acetoacetate. a lactic acid, 
and methyl lactate, and 4-hydroxy-4-methyl-2-pentanone, monoethanolamine, and diethanolamine. 

[0027] Moreover, the solution containing a swelling liquid metallurgy group alkoxide can be used together with a solution including 
water and/or an acid catalyst, or a basic catalyst, and it is desirable to use the solvent with which it mixes with the solution which 
includes water and/or an acid catalyst, or a basic catalyst in this case. When using especially water, specifically, hydrophilic organic 
solvents, such as ketone solvent, such as alcohols with which it mixes with water, such as a methanol and ethanol. an acetone, and 
2-butanone, or a tetrahydrofuran, dimethylformamide, and a pyridine, are mentioned. When not using water, the same organic 
solvent as swelling liquid can be used. 

[0028] Moreover, as an acid catalyst of the polycondensation reaction of the metal alkoxide of this invention, inorganic acids, such 
as organic acids, such as a formic acid and an acetic acid, and a hydrochloric acid, are used, and they are alkalis, such as ammonia, 
triethylamine, dimethylamine, ethylenediamine, and a butylamine, as a basic catalyst. 

[0029] The complex which has the component inclination structure of the metallic oxide said by this invention is complex with 
which the concentration inclination structure of a metallic oxide was formed in the thickness direction of an organic macromolecule. 
The metallic oxide of this invention shows the gestalt of the complex of the organic macromolecule and metallic oxide which have 
constituent concentration inclination structure typically to drawing 1 . 

[0030] Drawing 1 is drawing showing typically the gestalt of the complex of the organic macromolecule and metallic oxide which are 
manufactured by the manufacture approach of this invention, and with which a metallic oxide has constituent concentration 
inclination structure here, a-h in drawing 1 shows one gestalt of the complex of the organic macromolecule and metallic oxide with 
which each has the constituent concentration inclination structure of this invention. Each axis of ordinate shows the concentration 
of a metallic oxide, and an axis of abscissa shows the distance (thickness) of the cross section of an organic macromolecule. 
[0031] The complex of the organic macromolecule and the metallic oxide with which the concentration of the metallic oxide 
manufactured by the manufacture approach of this invention has inclination structure is what has inclination structure with a large 
metallic-oxide concentration layer into a surface part like what has continuous inclination structure in a part of interior, and c like 
that to which metallic-oxide concentration increases or decreases in monotone from the front face of an organic macromolecule to 
the front face of another side, and b, and [0032] like a in while. What has two or more maximal value of metallic-oxide concentration 
inside is mentioned like d like what has the maximum of the concentration of a metallic oxide inside, and e. Moreover, the complex 
of the organic macromolecule and metallic oxide with which the metallic oxide of this invention has constituent concentration 
inclination structure is performed partially [ the formation of inclination compound with a metallic oxide and an organic 
macromolecule ] in the thickness direction of an organic macromolecule. and also contains at least in a part a metallic oxide and 
the complex including the field which has not been compound-ized of a gestalt. 

[0033] That to which a metallic oxide compound-izes inside and does not exist in it like f or g as an example in this case, and the 
thing to which a metallic oxide compound-izes in the surface section, and does not exist in it like h are mentioned. Furthermore, 
this invention also contains the complex of a gestalt with which the discontinuous fault was partially formed into the inclination 
structure of the gestalt mentioned above. As an example in this case, what has a gestalt like i or j, for example is mentioned. 
[0034] For the maximum of the concentration of the metallic oxide contained in complex, 5 - 100 % of the weight and the minimum 
value are [ the ratios (maximum/minimum value) of 0 - 20 % of the weight, maximum, and the minimum value ] 1.5 or more things, 
and five or more things usually have [ the complex of the organic macromolecule and metallic oxide which are obtained by the 
manufacture approach of this invention and with which a metallic oxide has constituent concentration inclination structure ] the 
especially desirable ratio of maximum and the minimum value. 

[0035] Less than 5 % of the weight of the effectiveness of compound-izing is [ the maximum of the concentration of a metallic 
oxide ] insufficient, and when the minimum value exceeds 20 % of the weight, since complex becomes weak or causes [ of a crack ] 
generating, it is not desirable. 

[0036] As a concrete method of obtaining the complex of the organic macromolecule and metallic oxide with which the metallic 



oxide of this invention has constituent concentration inclination structure, approaches, such as A law shown below, B law, and the 
C method, are mentioned. 

[0037] (A law) By infiltrating the solution containing a metal alkoxide or a metal alkoxide into a solid organic macromolecule, after 
making a solid organic macromolecule swell with an organic solvent if needed After infiltrating a metal alkoxide so that it may have a 
concentration inclination inside an organic macromolecule, on the approach and twist concrete target which are made to do the 
polycondensation reaction of the metal alkoxide, and are fixed as a metallic oxide As a concrete method of making the 
concentration inclination of a metal alkoxide form in a solid organic macromolecule, before a metal alkoxide sinks in into an organic 
macromolecule solid-state at homogeneity, the method of terminating sinking-in actuation etc. is mentioned. 
[0038] Furthermore, it uses that the amount and rate of the metal alkoxide which sinks in into an organic macromolecule change 
with the polymerization degree of a metal alkoxide, the die length of an alkoxy group or the solution presentation containing a metal 
alkoxide, solution temperature, etc. Two or more metal alkoxides from which polymerization degree and the die length of an alkoxy 
group differ are used as mixed liquor, or the poor solvent and good solvent of an organic macromolecule which are used for the 
solution containing a metal alkoxide are added, and the approach of controlling the wet out rate of a metal alkoxide etc. is 
mentioned. 

[0039] Moreover, while the wet out rate into an organic macromolecule changes when adding and using water into the solution 
containing a metal alkoxide, and the solvent presentation in a solution changes, the polymerization reaction of a metal alkoxide 
advances by existence of water, from wet out rate falling with macromolecule quantification, soon, sinking [ of the metal alkoxide in 
an organic macromolecule ] in stops spontaneously, and inclination structure is formed. Depending on the wet out rate and the rate 
of polymerization of a metal alkoxide, both wet out rate and a rate of polymerization are controlled by solution temperature, the 
catalyst kind, catalyst concentration, and amount of water for the gestalt of an inclination. 

[0040] (B law) After making a solid organic macromolecule swell with an organic solvent if needed, After infiltrating the solution 
containing a metal alkoxide or a metal alkoxide at a solid organic macromolecule (to homogeneity), This organic macromolecule in a 
water solution including water and/or an acid catalyst, or a basic catalyst The approach, [0041] which are infiltrated so that water 
and/or an acid catalyst, or a basic catalyst may form a concentration inclination inside a macromolecule, give an inclination to the 
reactivity of a metal alkoxide, and perform the polycondensation reaction of a metal alkoxide As a concrete method of making the 
concentration inclination of water and/or an acid catalyst, or a basic catalyst form in a solid organic macromolecule, before water 
and/or an acid catalyst, or a basic catalyst sinks in into an organic macromolecule solid-state at homogeneity, more specifically, 
the method of terminating sinking-in actuation is mentioned. 

[0042] (The C method) After making a solid organic macromolecule swell with an organic solvent if needed, After immersing a solid 
organic macromolecule in the solution containing a metal alkoxide or a metal alkoxide and infiltrating a metal alkoxide into a solid 
organic macromolecule, by removing a part of metal alkoxide from this organic macromolecule How to make the concentration 
inclination structure of a metal alkoxide form in the interior of an organic macromolecule, and to carry out the polycondensation 
reaction of the metal alkoxide subsequently. 

[0043] After making a solid organic macromolecule more specifically immersed in the solution containing a metal alkoxide or a metal 
alkoxide, under specific time amount, ordinary pressure, or reduced pressure It holds at a room temperature or an elevated 
temperature, or the metal alkoxide which sank in into the organic macromolecule is removed mainly from the surface section by the 
approach of an organic solvent extracting. Subsequently It is immersed in a water solution including water and/or an acid catalyst, 
or a basic catalyst, and, subsequently the polycondensation reaction of the metal alkoxide is carried out. 
[0044] After making the water solution which includes water and/or an acid catalyst, or a basic catalyst for a solid organic 
macromolecule after making a solid organic macromolecule swell with an organic solvent if needed similarly immersed, under 
ordinary pressure or reduced pressure By the approach of the organic solvent with which it can mix with water removing or 
extracting water and/or an acid catalyst, or a basic catalyst The approach of removing the water with which it sank in into the 
organic macromolecule and/or an acid catalyst, or a basic catalyst mainly from the surface section, and it being immersed in the 
solution which contains a metal alkoxide or a metal alkoxide next, and carrying out the polycondensation reaction of the metal 
alkoxide may be used. 

[0045] (The D method) How to infiltrate water and/or an acid catalyst, or a basic catalyst into an organic macromolecule, and for 
this organic macromolecule to be immersed in the solution containing a metal alkoxide or a metal alkoxide subsequently, and to 
carry out the polycondensation reaction of the metal alkoxide while being immersed in the mixing solvent which consists a solid 
organic macromolecule of the organic solvent made to swell an organic macromolecule and the solution of water and/or an acid 
catalyst, or a basic catalyst and making this organic macromolecule swell. 

[0046] Moreover, the solution which contains a metal alkoxide or a metal alkoxide for a solid organic macromolecule similarly, While 
being immersed in the mixed solvent which consists of an organic solvent in which dissolves with the solution containing a metal 
alkoxide or a metal alkoxide, and is made to swell an organic macromolecule, and it deals and making this organic macromolecule 
swell The approach of infiltrating a metal alkoxide into an organic macromolecule, and this organic macromolecule being immersed in 
a solution including water and/or an acid catalyst, or a basic catalyst subsequently, and carrying out the polycondensation reaction 
of the metal alkoxide may be used. 

[0047] By these approaches, as a result of the diffusion to the impregnation of the sinking-in liquid to the inside of an organic 
macromolecule and the exterior of the swelling liquid in an organic macromolecule taking place to coincidence, it is thought that 
inclination structure arises in the content of the metallic oxide inside an organic macromolecule. In addition, as for the swelling 
liquid made to swell the organic macromolecule of this invention, what is made to swell the solid organic macromolecule to be used 
especially 5% of the weight or more, and deals in it 1% of the weight or more is desirable. 

[0048] Moreover, it is not necessary to make an organic macromolecule swell beforehand, and by the manufacture approach of this 
invention, even if it uses an organic non-processed macromolecule as it is, it does not necessarily interfere. Namely, what is 
necessary is whether the organic macromolecule made to swell beforehand is used and just to choose suitably if needed according 
to the gestalt for which the complex of the organic macromolecule to be used and the organic macromolecule which has the 
constituent concentration inclination structure made into the purpose, and a metallic oxide asks. 

[0049] Here, in this invention, the solution which includes water and/or an acid catalyst, or a basic catalyst in it further depending 
on the solution containing a metal alkoxide or a metal alkoxide and the case may be called sinking-in liquid. 
[0050] In this invention, it becomes possible to obtain the complex which has the component inclination structure of various 
gestalten by such technique, for example, before contacting only the whole surface of an organic macromolecule solid-state in 
sinking-in liquid, performing sinking-in actuation, and sinking-in liquid's being alike on the other hand and fully carrying out 



impregnation, it is possible by stopping sinking-in actuation to obtain the inclination complex like a of drawing 1 or b. 
[0051] Moreover, after infiltrating sinking-in liquid, the approach of removing a sinking-in liquid constituent including a metal 
alkoxide, or water and/or a catalyst from the surface section enables it to obtain the complex like d of drawing 1 . e, g, or j. 
[0052] Moreover, the component inclination structure which a metal alkoxide, water, a catalyst, etc. form inside an organic 
macromolecule can be controlled by combining the swelling degree of immersion conditions, such as a presentation of sinking-in 
liquid or swelling liquid, immersion time amount, and immersion temperature, and the organic macromolecule of pretreatment etc. 
[0053] Moreover, although the temperature at the time of removing the component in sinking-in liquid in the approach of carrying 
out organic macromolecule solid-state removal changes with classes of organic macromolecule to be used and cannot generally be 
******(ed) after infiltrating sinking-in liquid into an organic macromolecule, it is usually the range of ordinary temperature -150 
degree C under ordinary pressure or reduced pressure. Moreover, the boiling point of metal ARUKOKIDO effectively removable by 
this approach is a thing 250 degrees C or less. 

[0054] As for these, for example, a tetramethoxy silane, a tetra-ethoxy silane, etc. are mentioned. After infiltrating a metal alkoxide, 
depending on the temperature conditions to be used, although it is [ some ], the condensation reaction of a metal alkoxide 
advances to evaporation and coincidence, the polymerization degree of metal alkoxides increases to them, and it becomes 
impossible moreover, for evaporation to already remove by the approach of carrying out evaporation removal of the metal alkoxides. 

[0055] Consequently, the inclination complex of the gestalt which has the maximal value of metallic-oxide concentration in the 
interior of an organic macromolecule solid-state is obtained, without all of the metal alkoxides into which it sank evaporating. 
Therefore, it becomes possible to control an inclination gestalt by adding a catalyst in retention temperature or sinking-in liquid. 
[0056] The approach of holding this organic macromolecule in the steam ambient atmosphere of the water solution which includes 
an acid catalyst or a basic catalyst depending on the need as an approach of making the concentration inclination of water and/or 
an acid catalyst, or a basic catalyst forming in the interior of an organic macromolecule into which metal alkoxides were infiltrated 
by sinking-in actuation, the approach immersed into this water solution are mentioned. 

[0057] It is possible to obtain the complex of the gestalt like c, f, i, or h of drawing 1 by these approaches, moreover , although it be 
also possible to add the organic solvent of a hydrophilic property in a water solution for the purpose of the component of a steam 
or a water solution spread and permeate smoothly into this organic macromolecule , since it be spread outside , and the amount of 
a metallic oxide of immobilization may become small or the inclination of a complex become loose before the metal alkoxides a kind 
sank in depending on the class and addition of an organic solvent add react , a little thing be desirable [ the amount used ] . 
[0058] After including a metal alkoxide in swelling liquid and making a solid organic macromolecule swell beforehand, by making this 
organic macromolecule immersed in sinking-in liquid with the impregnation to the macromolecule of sinking-in liquid By the 
synchronization of the diffusion to the exterior (inside of sinking-in liquid) of the component in the swelling liquid contained in this 
macromolecule By the approach of making the constituent concentration inclination structure of a metallic oxide forming in the 
interior of an organic macromolecule, using the capacity for sinking-in liquid to be able to permeate into this macromolecule 
decreasing with time It is an especially effective approach to the organic macromolecule which cannot sink in sinking-in liquid, such 
as polyolefine, a polyamide, polyacetal, and polyester, easily. 

[0059] Moreover, although it can sink into the organic macromolecule made to swell, when using the sinking-in liquid of the 
presentation which can hardly sink in for the organic macromolecule itself which is not made to swell, it is possible to obtain the 
inclination complex like c, f, i, or h of drawing 1 . 

[0060] When using together and using water and/or an acid catalyst, or a basic catalyst for swelling liquid, the water with which it 
sinks in into the organic macromolecule solid-state in the case of sinking-in actuation of the sinking-in liquid containing a metal 
alkoxide, and a catalyst are spread to the exterior. Therefore, the concentration of the water which manages the reactivity of these 
metal alkoxides, or a catalyst falls near the front face of an organic macromolecule. and is distributed over the interior with the 
maximal value. Consequently, the complex with which the complex obtained has the maximum of metallic-oxide concentration inside 
an organic macromolecule and which has the component inclination structure of the gestalt like e of drawing 1 . g, or j is obtained. 
[0061] In this invention, although swelling actuation of swelling liquid and sinking-in actuation of sinking-in liquid are usually 
performed by making an organic macromolecule solid-state immersed into these liquid, it is also possible to use the approach of 
contacting an organic macromolecule solid-state to the bottom of the steam of these liquid, and infiltrating it. 
[0062] generation of the metallic oxide by the polycondensation reaction of the metal alkoxide in this invention and immobilization 
hold the organic macromolecule into which the metal alkoxide was infiltrated under existence of water (the moisture in air is 
included) and/or an acid catalyst, or a basic catalyst — that is, 20-230 degrees C is usually more specifically attained the 
temperature below the melting point of an organic ordinary temperature - this macromolecule. and by carrying out maintenance 
heating at 50-200 degrees C preferably. 

[0063] The complex of the organic macromolecule and metallic oxide with which the metallic oxide with which magnitude of the 
particle diameter of the metallic oxide distributed within the organic macromolecule of this invention is characterized by having the 
gestalt which changed continuously has constituent concentration inclination structure is complex in which the particle size of a 
metallic-oxide particle has the gestalt which changed continuously by the thickness direction and/or longitudinal direction of an 
organic macromolecule. 

[0064] Although it cannot generally ****** since the magnitude of the particle size of a metallic oxide changes with the class of a 
metallic oxide or organic macromolecule, purposes of use, etc.. 10 micrometers or less are usually the range of 2 micrometers or 
less preferably. Since properties, such as dynamics reinforcement of complex, will fall if 10 micrometers is exceeded, it is not 
desirable. Moreover, especially the minimum value of particle size is not specified. Although even the particle size of about 5nm can 
check this by scanning electron microscope observation, though the particle of the particle size not more than this, i.e., the particle 
below limit of detection, may exist in the complex of this invention and it exists, it is because the property made into the purpose of 
this invention is not spoiled at all. 

[0065] Moreover, when the particle diameter of the metallic oxide distributed in an organic macromolecule differs, the transparency 
of complex changes. Usually, in the particle size of about 0.2 micrometers or more, the formation of milk nebula or the nebula-ized 
complex is obtained, and transparent complex is obtained with the particle size of about 0.2 micrometers or less. It is possible to 
obtain the complex from which transparency changed by changing the particle size of a metallic oxide within an organic 
macromolecule. Such a property is especially useful when using transparence resin, such as a styrene system copolymer, acrylic 
resin, and a polycarbonate. 

[0066] The approach shown below is mentioned as a concrete method of obtaining the complex of the organic macromolecule and 




metallic oxide with which the particle of the metallic oxide of this invention has constituent concentration inclination structure. 
[0067] For example, after making a solid organic macromolecule swell beforehand with swelling liquid according to the gestalt of the 
organic macromolecule to be used or the complex for which it asks, a metal alkoxide and water are infiltrated into a solid organic 
macromolecule. The particle size of a metallic oxide can obtain the complex of a gestalt from which the magnitude of the particle 
diameter of the metallic oxide distributed within an organic macromolecule changed continuously by making it sink in so that the 
concentration inclination of water and/or an acid catalyst , or the basic catalyst may be carried out within this organic 
macromolecule . and performing the polycondensation reaction of a metal alkoxide . in order to be dependent on pH of the reaction 
place of a metal alkoxide , the concentration of water , temperature . etc. 

[0068] Moreover, by advancing the polycondensation reaction of a metal alkoxide, where the inclination of temperature is given to 
the interior of an organic macromolecule, it is also possible to obtain the complex of a gestalt from which the magnitude of the 
particle diameter of the metallic oxide distributed within an organic macromolecule changed. 

[0069] Especially the particle size of a metallic oxide has the method most effective for an acid catalyst or a basic catalyst of 
giving a concentration inclination, in order to depend to pH of the reaction place of a metal alkoxide strongly. Moreover, by using an 
acid catalyst or a basic catalyst for the swelling liquid made to swell an organic macromolecule beforehand, it becomes possible to 
consider as the inclination gestalt of a request of pH in an organic macromolecule, and the complex of a gestalt from which the 
magnitude of a metallic-oxide particle changed continuously within the organic macromolecule is obtained. 
[0070] In this invention, it is also possible to raise the rate of immobilization of a metallic oxide to a surface part by performing 
surface treatment to a solid organic macromolecule beforehand as the further pretreatment of swelling actuation or sinking-in 
actuation further by basic water solutions, such as aqueous acids, such as a sulfuric acid, a nitric acid, and a phosphoric acid, and a 
sodium hydroxide, or ozone, the plasma, etc. 

[0071] Moreover, it is also possible by using together organic silane compounds, such as amino alkoxysilane, epoxy alkoxysilane, 
vinyl alkoxysilane, and mercapto alkoxysilane, to raise the compatibility of an organic macromolecule and a metallic oxide. 
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EXAMPLE 



[Example] It is not limited only to the example this invention indicates it to be to it below from the first by the 
example and the example of a comparison although this invention is explained more concretely below. 
[0073] (Example 1) Film-like nylon 6 (Ube Industries [, Ltd. ] make: UBE nylon 1022B) was made immersed in the 
swelling liquid which consists of a methanol and distilled water (weight ratio = 2:1), and it stirred at 80 degrees C 
for 3 hours. About 25% of the weight of the increment in weight was seen. Subsequently, a 30-degree C 
tetramethoxy run (hereafter referred to as TMOS.) : The Tokyo Chemicals industrial company make After making it 
immersed into reagent-chemicals liquid for 5 hours, from the inside of liquid, the solution of ejection and a front 
face was wiped off well and the piece of a trial was dried at the room temperature for 5 hours. Furthermore, heat 
treatment was performed in 80-degree-C vacuum for 24 hours, and nylon 6 and the complex of a silica were 
obtained. 

[0074] Distribution of Si of the cross section of complex was measured using the electron probe microanalyzer 
(EPMA). A result is shown in drawing 2 . The axis of ordinate in drawing expresses silica (Si) concentration, and an 
axis of abscissa expresses the distance of the depth direction of complex. In addition, as for the axis of ordinate in 
drawing, and an axis of abscissa, drawing showing the EPMA measurement result which shows distribution of the 
silica obtained in the following examples also expresses the same semantics. Distribution of Si deep near a front 
face was seen, and the component dip complex of a gestalt with which Si concentration decreases rapidly among 
70-80 microns was obtained from the front face. 

[0075] The max of silica concentration is seen inside about 20 microns from a front face, the maximum 
concentration is about 13 % of the weight, and the minimum concentration is zero. When calcinated at 800 degrees 
C for 2 hours, about 2.6% of the weight of saccate ash content was seen. It was observed that the 10-30nm very 
small very fine particle is distributing to homogeneity with the scanning electron microscope (SEM) when the silica 
particle of a compound layer is observed. 

[0076] In addition, EPMA measurement performed output [ of 15kV ]-50nA, resolution of 1 micron, 100-micron 
scan speed for /, and detection by K alpha rays (7.126-ohm Strong) of Si using EPM-810 mold by Shimadzu Corp. 
Moreover, SEM is FE-SEM by Hitachi, Ltd. S-800 was used. 

[0077] (An example 2 and example 1 of a comparison) The complex of nylon 6 and a silica was produced by the 
same approach as an example 1 using the nylon 6 of 2mm thickness. When EPMA measurement was performed, the 
silica was observed only near the front face and the dip complex of the same gestalt as an example 1 was obtained. 

[0078] Although complex was heat-treated at 1 50 degrees C for 2 hours, change was not looked at at all by the 
appearance of complex. On the other hand, when the nylon 6 simple substance was heat-treated at 150 degrees C 
for 2 hours, it discolored yellow (example 1 of a comparison). Furthermore, when the IZOD impact property of the 
complex heat-treated at 150 degrees C was measured, they were about 55 kg cm. The IZOD reinforcement of the 
nylon 6 heat-treated at 150 degrees C is 12kg cm, and understands that the heat-resistant property is improving 
remarkably for an example. In addition, the IZOD trial was performed by nothing [ notch ] using the sample of 2mm 
thickness and 4mm width of face. 

[0079] (Example 3) The case where the presentation of the impregnation liquid in the case of TMOS impregnation 
actuation was used as TMOS and a methanol (weight ratio = 20:1) was examined. In addition, conditions other than 
the presentation of impregnation liquid were made the same as an example 1. Si distribution of the complex cross 
section obtained by EPMA measurement is shown in drawing 3 . The dip complex of the nylon 6 of a gestalt and 
the silica which have the maximum (two) of silica concentration in a location with a depth of about 90 micrometers 
was obtained from the front face. The maximum/minimum value of silica concentration were about 26. When 
calcinated at 800 degrees C for 2 hours, about 4.3% of the weight of ash content was seen. 

[0080] (Example 4) The case where the presentation of the impregnation liquid in the case of TMOS impregnation 
actuation was used as TMOS and a methanol (weight ratio = 5:1) was examined. In addition, conditions other than 
the presentation of impregnation liquid were made the same as an example 1. Si distribution of the complex cross 
section obtained by EPMA measurement is shown in drawing 4 . The dip complex of the nylon 6 of a gestalt and 
the silica which have the maximum of silica concentration in the core of complex was obtained. The 
maximum/minimum value of silica concentration were about 2.8. When calcinated at 800 degrees C for 2 hours, 
about 3.8% of the weight of ash content was seen. 

[0081] (Example 5) The presentation of the impregnation liquid in the case of TMOS impregnation actuation was 
used as TMOS and a methanol (weight ratio = 25:2), and impregnation temperature was performed as 50 degrees C. 
The presentation of impregnation liquid and conditions other than impregnation temperature presupposed that it is 



the same as an example 1. Si distribution of the complex cross section obtained from EPMA measurement is 
shown in drawing 5 . It had very high silica concentration in the front face, concentration decreased from the front 
face rapidly to 1/2 among 30 micrometers, and the dip complex of a gestalt with which concentration decreases 
gently was further obtained by the inside. The maximum/minimum value of silica concentration were about 25. 
When calcinated at 800 degrees C for 2 hours, about 8.0% of the weight of ash content was seen. 
[0082] (Example 6) Film-like nylon 6 was made immersed in the swelling liquid which consists of a methanol and a 
0.8 mols [/I. ] aqueous ammonia solution (weight ratio = 2:1), and it stirred at 80 degrees C for 3 hours. About 24.5% 
of the weight of the increment in weight was seen. Subsequently, after making the impregnation liquid which 
consists of TMOS and a methanol (weight ratio = 5:1) immersed and holding at 30 degrees C for 5 hours, from the 
inside of liquid, the solution of ejection and a front face was wiped off well and the piece of a trial was dried at the 
room temperature for 5 hours. Furthermore, heat treatment was performed in 80-degree-C vacuum for 24 hours, 
and nylon 6 and the complex of a silica were obtained. 

[0083] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 

6 . The maximal value is formed in the interior of 100 micrometers from a front face, and the dip complex of a 
gestalt with which the core has become depressed on loose dip is obtained. The maximum/minimum value of silica 
concentration are about 3.5, and the ratio (maximum/saddle) of the saddle of maximum and a core is about 1.5. 
When calcinated at 800 degrees C for 2 hours, about 11.2% of the weight of ash content was seen. The amount of 
silica immobilization in complex increased by using an ammonia catalyst in the case of swelling actuation. 

[0084] (Example 7) The nylon 6 of the shape of a film with a thickness of 0.5mm was made immersed in the swelling 
liquid which consists of a methanol and a 0.23 mols [/I. ] hydrochloric-acid water solution (weight ratio = 2:1), and 
it stirred at 80 degrees C for 3 hours. About 26% of the weight of the increment in weight was seen. Subsequently, 
after making the impregnation liquid which consists of TMOS and a methanol (weight ratio = 20:1) immersed and 
holding at 30 degrees C for 5 hours, the solution of ejection and a front face was wiped off well and maintenance of 
the piece out of liquid of a trial was carried out for 10 hours (20 degrees C) under the saturated steam ambient 
atmosphere of 0.4 mols [/I. ] aqueous ammonia. Furthermore, the 15-hour desiccation back was performed at the 
room temperature, the vacuum drying was performed at 80 degrees C for 24 hours, and nylon 6 and the complex of 
a silica were obtained. 

[0085] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 

7 . The dip complex of the gestalt which had very high silica concentration in the front face was obtained. When 
calcinated at 800 degrees C for 2 hours, about 6.4% of the weight of ash content was seen. 

[0086] (Example 8) The case where the presentation of the impregnation liquid in the case of TMOS impregnation 
processing was used as TMOS and a methanol (weight ratio = 10:1) was examined. Conditions other than the 
presentation of impregnation liquid presupposed that it is the same as an example 7. Si distribution of the complex 
cross section obtained from EPMA measurement is shown in drawing 8 . The dip complex of a gestalt with very 
complicated silica distribution was obtained. The maximum/minimum value of silica concentration are about 6. 
When calcinated at 800 degrees C for 2 hours, about 5.1% of the weight of ash content was seen. It turns out that 
distribution of a silica changes substantially only by changing the amount of methanols in impregnation liquid a little. 

[0087] (Example 9) Instead of TMOS, the case where the partial polymerization object (MS-51; the Mitsubishi 
Chemical, Inc. make, molecular weight 500 [ about ]) of TMOS was used was examined. The conditions except 
having made into 50 degrees C temperature immersed in MS-51, using MS-51 as a silicone alkoxide presupposed 
that it is the same as an example 1. Si distribution of the complex cross section obtained from EPMA measurement 
is shown in drawing 9 . It had very large silica concentration in the front face, and the dip complex of a gestalt with 
which silica concentration decreases rapidly to zero among 60 micrometers was obtained from the front face. When 
calcinated at 800 degrees C for 2 hours, about 1.2% of the weight of saccate ash content was seen. 
[0088] (Example 10) The case where the presentation of the impregnation liquid of MS-51 was used as an MS- 
51 /methanol (weight ratio = 4:1) was examined. Conditions other than the presentation of impregnation liquid 
presupposed that it is the same as an example 9. Si distribution of the complex cross section obtained from EPMA 
measurement is shown in drawing 10 . It had the maximum of silica concentration near the front face, and the dip 
complex of the gestalt which decreases toward the interior on loose dip was obtained. The maximum/minimum 
value of silica concentration are about 2.8. When calcinated at 800 degrees C for 2 hours, about 4.8% of the weight 
of ash content was seen. 

[0089] (Example 11) The sheet of a vinyl chloride (Mitsubishi Chemical, Inc. make) was made immersed in an 
acetone and the distilled water (weight ratio = 2:1) mixed solvent at 30 degrees C for 3 hours. About 21% of the 
weight of the increment in weight was seen. Subsequently, after making the impregnation liquid of TMOS and an 
acetone (weight ratio = 20:1) immersed at 30 degrees C for 5 hours, from the inside of liquid, the solution of 
ejection and a front face was wiped off well and the piece of a trial was held for 8 hours in the steamy ambient 
atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. 

[0090] Furthermore, the 17-hour desiccation back was performed indoors (temperature of 23 degrees C, 35% of 
humidity), heat treatment was performed at 80 degrees C for 24 hours, and the complex of a vinyl chloride and a 
silica was obtained. Si distribution of the complex cross section obtained from EPMA measurement is shown in 
drawing 1 1 . With the gestalt in which silica concentration carries out gradual reduction toward the interior from the 
surface section, the compound layer is formed over about 190 microns from the front face, the fault was generated 
inside about 190 microns, and the dip complex of the gestalt which is not compound-ized was obtained in this 
interior. The maximum/minimum value of the silica concentration in a compound layer are about 1.8. When 



calcinated at 800 degrees C for about 2 hours, about 8.9% of the weight of ash content was accepted. 
[0091] (Example 12) The vinyl chloride was made immersed in an acetone at 30 degrees C for 10 minutes. About 
50% of the weight of the increment in weight was seen. Subsequently, after making the impregnation liquid of TMOS 
and toluene (weight ratio = 1:1) immersed at 30 degrees C for 8 hours, from the inside of liquid, the solution of 
ejection and a front face was wiped off well and the piece of a trial was held for 8 hours in the steamy ambient 
atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. Furthermore, the 3-hour desiccation back was 
performed indoors (temperature of 23 degrees C, 35% of humidity), heat treatment was performed at 80 degrees C 
for 24 hours, and the complex of a vinyl chloride and a silica was obtained. 

[0092] Si distribution of the complex obtained from EPMA measurement is shown in drawing 12 . It has the 
maximum of silica concentration in a front face, and concentration decreases rapidly to a certain thickness, and 
the dip complex of the gestalt used as uniform silica concentration is formed inside. An inclined layer is among 
about 80 micrometers from a front face, and the maximum/minimum value of silica concentration are about 1 .9. 
When calcinated at 800 degrees C for about 2 hours, about 8.9% of the weight of ash content was accepted. 
[0093] (Example 13) In the example 12, the case where it was made to dry indoors (temperature of 23 degrees C, 
35% of humidity) for 15 hours was examined without holding under the steamy ambient atmosphere of an aqueous 
ammonia solution, after carrying out impregnation of the TMOS. The result of EPMA measurement is shown in 
drawing 13 . The dip complex of the gestalt which has the maximum of silica concentration in the core of complex 
is formed. After sinking in TMOS, TMOS evaporates from the surface section and it is thought that such a gestalt 
was formed. The maximum/minimum value of silica concentration are about 2.3. When calcinated at 800 degrees C 
for about 2 hours, about 10% of the weight of ash content was accepted. 

[0094] (Example 14) The acrylic resin (bitter taste rewrite-L; Mitsubishi Rayon Co., Ltd. make) film was made 
immersed in TMOS and a methanol (weight ratio = 1:1) at 30 degrees C for about seven days. About 98% of the 
weight of the increment in weight was seen. Subsequently, from the inside of liquid, the solution of ejection and a 
front face was dried for it indoors (temperature of 20 degrees C, 35% of humidity) for about 1 7 hours, after it wiped 
off the piece of a trial well and it carried out immersion into the 0.5 mols [/I. ] aqueous ammonia solution for about 
3 hours (25 degrees C), heat treatment was performed at 80 more degrees C for 24 hours, and the complex of 
acrylic resin and a silica was obtained. 

[0095] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 14 . 
With the gestalt in which silica concentration decreases gradually toward the interior, the dip complex of a gestalt 
with which main about 45-micrometer part is not compound-ized is obtained from the surface section. The 
thickness of a compound layer is 330 micrometers from a front face, and the maximum/minimum value of the silica 
concentration in a compound layer are about 3. When calcinated at 800 degrees C for 2 hours, about 17% of the 
weight of ash content was seen. 

[0096] (Example 15) The acrylic resin film was made immersed in 50-degree C TMOS and methanol (weight ratio = 
1:1) impregnation liquid for about 1 hour. About 105% of increment in weight was seen. Subsequently, from the 
inside of liquid, the solution of ejection and a front face was dried for it indoors (temperature of 20 degrees C, 35% 
of humidity) for about 1 7 hours, after it wiped off the piece of a trial well and it carried out immersion into the 1.2 
mols [/I. ] aqueous ammonia solution for 5 hours (30 degrees CX heat treatment was performed at 80 more 
degrees C for 24 hours, and the complex of acrylic resin and a silica was obtained. 

[0097] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 1 5 . The 
complex of a gestalt with which silica concentration decreases gradually toward the interior was obtained from the 
surface section. The maximum/minimum value of the silica concentration in a compound layer are about 2.5. All 
fields are compound-ized although dip is loose compared with the example 14. When calcinated at 800 degrees C 
for 2 hours, about 1 9% of the weight of ash content was seen. 

[0098] (Example 16) The acrylic resin film was made immersed in a methanol and MS-51 (weight ratio = 1:1) at 30 
degrees C for about two days. About 12% of the weight of the increment in weight was seen. Subsequently, after 
wiping off the solution of ejection and a front face well and making the piece of a trial immersed in 0.5 mols [/I. ] 
aqueous ammonia from the inside of liquid for about 5 hours, it dried indoors (temperature of 20 degrees C, 35% of 
humidity) for about 1 7 hours, heat treatment was performed at 80 more degrees C for 24 hours, and the complex of 
acrylic resin and a silica was obtained. 

[0099] Si distribution of the compound cross section obtained from EPMA measurement is shown in drawing 16 . 
The maximum of silica concentration is shown in a front face, and the dip complex of a gestalt with which 
concentration decreases from a front face rapidly to zero among 25 micrometers was obtained. From a front face, 
by 25-micrometer or more inside, most silica concentration is zero and is not compound-ized. When calcinated at 
800 degrees C for 2 hours, about 0.8% of the weight of saccate ash content was seen. 

[0100] (Example 17) Nylon -66 film was made immersed in the swelling liquid which consists of a tetrahydrofuran 
(THF), distilled water, and triethylamine (weight ratio = 40:10:1) at 80 degrees C for 5 hours. About 15% of the 
weight of the increment in weight was seen. Subsequently, after making a 30-degree C TMOS solution immersed 
for about 12 hours, from the inside of liquid, the piece of a trial was wiped off well, the solution of ejection and a 
front face was dried for it at the room temperature for about 4 hours, heat treatment was performed in 80 more 
degree-C vacuum for 24 hours, and compound of Nylon 66 and a silica was obtained. 

[0101] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 17 . It 
had the maximum of surface silica concentration and the dip complex of the gestalt which decreases toward the 
interior was obtained. When calcinated at 800 degrees C for 2 hours, about 2.1% of the weight of ash content was 
seen. 



[0102] (An example 18 and example 2 of a comparison) The film of polypropylene (Mitsubishi polypropylene PY- 
240B, Mitsubishi Chemical, Inc. make) was made immersed into 105-degree C toluene for about 2 hours. About 
100% of the weight of the increment in weight was seen. Subsequently, after making it immersed at 30 degrees C 
into TMOS for 20 hours, the solution of ejection and a front face was wiped off well and the piece of a trial was 
made to hold under a 0.6 mols [/I. ] ammonia ambient atmosphere from the inside of liquid for 17 hours. After 
making it dry at a room temperature for 5 hours, it heat-treated at 150 degrees C by 80 degrees C for 2 hours for 
3 hours, and the complex of polypropylene and a silica was obtained. 

[0103] Change was not looked at by the appearance of polypropylene. Si distribution of the complex cross section 
obtained from EPMA measurement is shown in drawing 18 . The dip complex of the gestalt which had the maximum 
of silica concentration in the front face was obtained. When calcinated at 800 degrees C for 2 hours, about 18% of 
the weight of ash content was obtained. 

[0104] When dynamic viscoelasticity measurement was performed, the peak temperature of 1.5GPa(s), and 530MPa 
(s) and tan delta of the Young's modulus in 30 degrees C of complex and 100 degrees C was 143 degrees C, 
respectively. Moreover, the Young's modulus of 30 degrees C and 100 degrees C of a polypropylene simple 
substance (example 2 of a comparison) was 0.8GPa(s) and 250MPa(s), respectively, and the tan delta peak was 81 
degrees C. It turns out that elasticity is improving remarkably. 

[0105] The adhesive property over epoxy system adhesives (Cemedine high super 30, the Cemedine Co., Ltd. make, 
Araldite) was investigated. Adhesives were attached to complex and a polypropylene resin simple substance, 
respectively, the field which applied adhesives was piled up mutually, and adhesives were stiffened. When a part for 
jointing is exfoliated, it is generated in respect of adhesion with polypropylene and adhesives, and exfoliation is 
understood that the adhesive property over epoxy system adhesives is improving. 

[0106] In addition, using DMA-200 by SEIKO electronic industry incorporated company, temperature up of the 
dynamic viscoelasticity measurement was carried out by part for 2-degree-C/, and it was measured by 1 Hz. 
[0107] (Example 19) Polyacetal (Iupital F-10, Mitsubishi Gas Chemical Co., Inc. make) was made immersed into 
100-degree C ETORA chloroethane for 3 hours. About 18% of the weight of the increment in weight was seen. 
Subsequently, after making it immersed into 30-degree C TMOS liquid for 17 hours, the solution of ejection and a 
front face was wiped off well and the piece of a trial was made to hold under a 0.6 mols [/I. ] ammonia ambient 
atmosphere from the inside of liquid for 17 hours. After making it dry at a room temperature for 5 hours, it heat- 
treated at 150 degrees C by 80 degrees C for 2 hours for 3 hours, and the complex of polyacetal and a silica was 
obtained. Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 1 9 . 
The dip complex of the gestalt which had the maximum of silica concentration in the front face was obtained. When 
calcinated at 800 degrees C for 2 hours, about 1 1% of the weight of ash content was obtained. 

[0108] (Example 20) The film of polyvinylidene fluoride (1000VLD Showa Denko K.K. make) was made immersed in a 
50-degree C 2-butanone solution for 4 hours. About 9.5% of the weight of the increment in weight was seen. 
Subsequently, after making it immersed for 15 hours into the 30-degree C impregnation liquid of TMOS and 
triethylamine (weight ratio = 10:1), it was made to dry at a room temperature for 15 hours. Furthermore, it heat- 
treated at 150 degrees C by 80 degrees C for 2 hours for 24 hours, and the complex of polyvinylidene fluoride and 
a silica was obtained. Si distribution of the complex cross section obtained from EPMA measurement is shown in 
drawing 20 . The dip complex of the gestalt which had the maximum of silica concentration in the front face was 
obtained. 

[0109] (Example 21) The sheet of polybutylene terephthalate (PBT; PURANAKKU by Dainippon Ink & Chemicals. 
Inc. BT-128) was made immersed in a 80-degree C tetrahydrofuran (THF), distilled water, and the mixed solvent of 
triethylamine (weight ratio = 40:10:1) for 8 hours. About 4% of the weight of the increment in weight was seen. 
Subsequently, after making the impregnation liquid of 30-degree C TMOS and chloroform (weight ratio = 10:1) 
immersed for 15 hours, from the inside of liquid, the solution of ejection and a front face was wiped off well and the 
piece of a trial was dried at the room temperature for 24 hours. Furthermore, it performed at 80 degrees C for 10 
hours, heat treatment was performed at 150 degrees C for 3 hours, and the complex of PBT and a silica was 
obtained. 

[01 10] Si distribution near the front face of the complex cross section obtained by drawing 21 from EPMA 
measurement is shown. The dip complex of a gestalt with which concentration decreases rapidly to zero by 70 
micrometers with the maximum of silica concentration on a front face was obtained. From a front face, inside 70 
micrometers or more, most silica concentration is zero and is not compound-ized. When calcinated at 800 degrees 
C for 2 hours, about 0.6% of the weight of saccate ash content was seen. 

[01 1 1] (Example 22) The sheet of PBT was made immersed at 60 degrees C into chloroform for 4 hours. About 28% 
of the weight of the increment in weight was seen. Subsequently, after making 30-degree C TMOS liquid immersed 
for 5 hours, from the inside of liquid, the solution of ejection and a front face was wiped off well and the piece of a 
trial was dried at the room temperature for 24 hours. Furthermore, it performed at 80 degrees C for 10 hours, heat 
treatment was performed at 150 degrees C for 3 hours, and the complex of PBT and a silica was obtained. Si 
distribution near the front face of the complex cross section obtained by drawing 22 from EPMA measurement is 
shown. The dip complex of the gestalt which inclines gently in the thickness direction with the maximum of silica 
concentration on a front face was obtained. When calcinated at 800 degrees C for 2 hours, about 1% of the weight 
of saccate ash content was seen. 

[0112] (Example 23) Polyethylene terephthalate (PET; J-125 by Mitsui pet incorporated company) was quenched 
after a melting press and to underwater at 250 degrees C, and the high transparency PET film of amorphism nature 
was obtained. The transparence PET film was made immersed in a chloroform solution at 60 degrees C for 4 hours. 




About 45% of the weight of the increment in weight was seen. Subsequently, after making the impregnation liquid of 
30-degree C TMOS and chloroform (weight ratio = 10:1) immersed for 15 hours, the solution of ejection and a front 
face was wiped off well and the piece of a trial was made immersed in a 0.15 mols [A ] aqueous ammonia solution 
from the inside of liquid for about 5 hours. Furthermore, it dried at the room temperature for 5 hours, and it 
performed at 80 degrees C for 4 hours, heat treatment was performed at 1 50 degrees C for 3 hours, and the 
complex of PET and a silica was obtained. 

[01 13] Si distribution near the front face of the complex cross section obtained by drawing 23 from EPMA 
measurement is shown. The dip complex of a gestalt with which concentration decreases toward the thickness 
direction with the maximum of silica concentration on a front face was obtained. When calcinated at 800 degrees C 
for 2 hours, about 5.3% of the weight of saccate ash content was seen. 

[0114] (Example 24) The oriented film of PET was made immersed in chloroform and the solution of triethylamine 
(weight ratio = 50:2) at 60 degrees C for 5 hours. About 18% of the weight of the increment in weight was seen. 
Subsequently, after making a 30-degree C TMOS solution immersed for 1 5 hours, the solution of ejection and a 
front face was wiped off well and the piece of a trial was made to hold from the inside of liquid for about 5 hours 
under the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. Furthermore, it performed at 
desiccation and 80 degrees C for 4 hours for 5 hours, the room temperature performed heat treatment at 150 
degrees C for 3 hours, and the complex of PET and a silica was obtained. 

[0115] Si distribution of the complex cross section obtained by drawing 24 from EPMA measurement is shown. The 
dip complex of the gestalt which inclines in the thickness direction with deep silica concentration into a surface 
part was obtained. Compound-ization is performed among 15 micrometers from the front face, and inside it, most 
silica concentration serves as zero and is not compound-ized. When calcinated at 800 degrees C for 2 hours, about 
1% of the weight of ash content was seen. 

[0116] (Example 25) The PET film was made immersed at 1 10 degrees C into tetrachloroethane for 5 hours. About 
32% of the weight of the increment in weight was seen. Subsequently, after making the impregnation liquid of TMOS 
and tetrachloroethane (weight ratio = 1:1) immersed at 30 degrees C for 10 hours, the solution of ejection and a 
front face was wiped off well and the piece of a trial was made to hold from the inside of liquid for about 5 hours 
under the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous ammonia solution. Furthermore, it performed at 
desiccation and 80 degrees C for 4 hours for 5 hours, the room temperature performed heat treatment at 150 
degrees C for 3 hours, and the complex of PET and a silica was obtained. Si distribution of the complex cross 
section obtained by drawing 25 from EPMA measurement is shown. When calcinated at 800 degrees C for 2 hours, 
about 3.5% of the weight of ash content was seen. 

[0117] (Example 26) The sheet of the thermoplastic elastomer (GURIRAKKUSU by Dainippon Ink & Chemicals, Inc. 
E-500) of a polyester system was made immersed in the impregnation liquid of chloroform and tetra-ethoxy tin 
(weight ratio = 10:1) for five days. About 100% of the weight of the increment in weight was seen. Subsequently, 
from the inside of liquid, the solution of ejection and a front face was well wiped off for the piece of a trial, the 24- 
hour desiccation back was performed at the room temperature, heat treatment was performed at 100 degrees C 
for 24 hours, and the complex of thermoplastic elastomer and the tin oxide was obtained. 

[0118] Distribution of the tin in the complex cross section obtained by EPMA to drawing 26 is shown. The dip 
complex of the gestalt which inclines toward the thickness direction with the maximum of tin-oxide concentration 
on a front face was obtained. A dip field is from a front face to about 140 micrometers, and it has fixed 
concentration inside it When calcinated at 800 degrees C for 2 hours, about 2.5% of the weight of ash content was 
seen. 

[0119] (Example 27) Impregnation of the 2g of the impregnation liquid of the partial polymerization object (MS-56; 
the Mitsubishi Chemical, Inc. make, molecular weight 1000 [ about ]) of TMOS, chloroform, and ethylenediamine 
(weight ratio = 10:100:1) was carried out to spherical pellet 0.4g of the thermoplastic elastomer of a polyester 
system. Subsequently, after holding for 24 hours under the steamy ambient atmosphere of a 0.5 mols [/I. ] aqueous 
ammonia solution, it performed at the room temperature for 24 hours, heat treatment was performed at 80 degrees 
C for 24 hours, and the complex of thermoplastic elastomer and a silica was obtained. 

[0120] Drawing 27 shows the silica distribution from the core of the complex cross section obtained from EPMA 
measurement to a front face. The dip complex of the gestalt which inclines toward the interior with the maximum 
of silica concentration on a front face was obtained. The inclined layer is crossed to 900 micrometers from the 
front face, and serves as fixed silica concentration inside it. When calcinated at 800 degrees C for about 2 hours, 
about 14.5% of the weight of saccate ash content was accepted. 

[0121] (Example 28) Nylon 6 was made immersed in the swelling liquid which consists of a methanol and distilled 
water (weight ratio = 2:1), and it stirred at 80 degrees C for 3 hours. About 25% of the weight of the increment in 
weight was seen. Subsequently, the impregnation liquid of 30-degree C TMOS and a methanol (weight ratio = 10:1) 
was made immersed for four days. Furthermore, after making nylon -6 sheet which sank in this TMOS immersed in 
the swelling liquid which consists of a methanol, distilled water, and triethylamine (weight ratio = 80:40:1) and 
stirring at 80 degrees C for 3 hours, the 30-degree C TMOS solution was made immersed for 5 hours. From the 
inside of liquid, the solution of ejection and a front face was dried for it at the room temperature for 24 hours, after 
wiping off the piece of a trial well, heat treatment was performed in 80-degree-C vacuum for 24 hours, and nylon 6 
and the complex of a silica were obtained. 

[0122] Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in drawing 
28 . It had very deep silica concentration near the front face, and the dip complex of a gestalt with which 
concentration falls rapidly toward the thickness direction was obtained. When calcinated at 800 degrees C for 2 



hours, about 15% of the weight of saccate ash content was seen. By processing dip compound-ization twice, 
component dip complex with very high silica concentration was obtained. 

[0123] (Example 29) The sheet of a vinyl chloride was made immersed in the impregnation liquid of 30-degree C 
TMOS and an acetone (weight ratio = 1:1) for 6 hours, and impregnation of the impregnation liquid was fully carried 
out. About 120% of the weight of the increment in weight was seen. Subsequently, after wiping off the solution of 
ejection and a front face for the piece of a trial well from the inside of liquid, the chlorination vinyl sheet which 
sank in TMOS was held at 80 degrees C for about 15 hours, and the complex of a vinyl chloride and a silica was 
obtained. Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in 
drawing 29 . The dip complex of the gestalt which inclines gently with the maximum of two silica concentration 
inside was obtained. When calcinated at 800 degrees C for 2 hours, about 13.6% of the weight of ash content was 
seen. 

[0124] (Example 30) In the example 29, after making the chlorination vinyl sheet which sank in TMOS immersed 
into 30-degree C distilled water for about 3 hours, it was made to dry at a room temperature for 1 5 hours, heat 
treatment was performed at 80 degrees C for about 15 hours, and the complex of a vinyl chloride and a silica was 
obtained. Distribution of Si of the cross section of complex was measured using EPMA. A result is shown in 
drawing 30 . The dip complex of the inclining gestalt which has the maximum of the silica concentration of a sharp 
peak in the surface section, and forms the maximal value of silica concentration in a core on dip loose inside is 
obtained. When calcinated at 800 degrees C for 2 hours, about 20% of the weight of ash content was seen. 
[0125] (Example 31) The sheet of a vinyl chloride was immersed in the impregnation liquid of toluene and 
triisopropoxy aluminum (weight ratio = 4:1) at 30 degrees C for 15 hours. About 22.5% of the weight of the 
increment in weight was seen. Subsequently, from the inside of liquid, the piece of a trial was held in the steamy 
ambient atmosphere of 0.5 mols [/I. ] aqueous ammonia for about 15 hours, after wiping off the solution of ejection 
and a front face well, and the complex of a vinyl chloride and an alumina was obtained. The distribution 
measurement result of Si of the complex cross section by EPMA is shown in drawing 31 . The dip complex of the 
gestalt which has the maximum of the silica concentration of a sharp peak in the surface section is obtained. When 
calcinated at 800 degrees C for 2 hours, about 1.5% of the weight of ash content was seen. 

[0126] (Example 32) The polypropylene (Dynal GH-110, Dainippon Ink & Chemicals, Inc. make) of carboxylic-acid 
denaturation was made immersed in TORUERU at 80 degrees C for about 6 hours. About 24% of the weight of the 
increment in weight was seen. Subsequently, after making a 30-degree C TMOS solution immersed for 15 hours, 
the solution of ejection and a front face was wiped off well and the piece of a trial was made to hold in a 0.6 mols 
[/I. ] aqueous ammonia solution ambient atmosphere from the inside of liquid for about 5 hours. Furthermore, it 
performed at desiccation and 80 degrees C for 24 hours for 3 hours, the room temperature performed heat 
treatment at 150 degrees C for 5 hours, and the complex of denaturation polypropylene and a silica was obtained. 
The measurement result of Si distribution of the complex cross section by EPMA is shown in drawing 32 . The dip 
complex of the gestalt which has the maximum of silica concentration on a front face was obtained. When 
calcinated at 800 degrees C for 2 hours, about 6.7% of the weight of ash content was seen. 

[0127] (Example 33) The styrene system copolymer (clear PAKUTO TI- 300, Dainippon Ink & Chemicals, Inc. make) 
was made immersed in the impregnation liquid of MS-51 and a methanol (weight ratio = 1:1) for 90 minutes at 50 
degrees C. About 1 7% of the weight of the increment in weight was seen. Subsequently, from the inside of liquid, 
the piece of a trial was held in the 0.6 mols [/I. ] aqueous ammonia solution ambient atmosphere for about 5 hours, 
after wiping off the solution of ejection and a front face well, desiccation was performed at the room temperature 
for 3 hours, heat treatment was performed at 80 more degrees C for 24 hours, and the complex of a styrene 
system copolymer and a silica was obtained. The measurement result of Si distribution of the complex cross 
section by EPMA is shown in drawing 33 . The dip complex of the gestalt which has the maximum of silica 
concentration in the surface section was obtained. When calcinated at 800 degrees C for 2 hours, about 3.5% of the 
weight of ash content was seen. 

[0128] (Example 3 of a comparison) the homogeneity which consists of MS-51, a methanol, and distilled water 
(weight ratio = 4:1:0.8) — the transparent sol solution was prepared. Although it applied on the sheet of nylon 6 and 
acrylic resin and the spin coat OOOOrpm, 20 seconds) was performed after stirring this sol solution for two days at 
25 degrees C, neither nylon 6 nor acrylic resin was able to crawl and carry out the coat of the sol solution. 
Furthermore, KOTIGU [ it / sol liquid was not able to become a drop and ] on nylon 6 and acrylic resin although 
coating was tried with the dip coating method. 

[0129] (Examples 4 and 5 of a comparison) MS-51 were respectively applied on the sheet of direct nylon 6, and the 
sheet (0.5mm thickness) of acrylic resin, and the spin coat OOOOrpm, 20 seconds) was performed. Coating of MS- 
51 was carried out to homogeneity, without crawling. It dried at the room temperature behind the coat for 5 hours, 
and heat treatment was performed at 80 more degrees C for 24 hours. 

[0130] In order to investigate the situation of the silica of the organic macromolecule front face by which coating 
was carried out, the EPMA spectrum of Si of the surface section was measured. A result is shown in drawing 34 
(the example 4 of a comparison, nylon 6), and drawing 35 (the example 5 of a comparison, acrylic resin). A silica is 
looked at by only the surface section and has not carried out impregnation in the organic macromolecule. 
Moreover, the applied amount of silicas is ultralow volume. Although calcinated at 800 degrees C for 2 hours, ash 
content was not seen in nylon 6, and with acrylic resin, although existence of ash content has been checked, it was 
not able to calculate a residue in a minute amount. 

[0131] (Example 34) The sheet of acrylic resin was made immersed in a 50-degree C methanol for 20 minutes. 
About 22% of the weight of the increment in weight was seen. Subsequently, after making the solution of 




• 

tetrabutoxytitanium and an acetylacetone (mole ratio = 1:2) immersed at a room temperature for 4 hours, the 
ejection methanol washed the front face from the solution, and it was made to dry at a room temperature for about 
15 hours. Furthermore, heat treatment was performed at 80 degrees C for 24 hours, and the complex of acrylic 
resin and titanium oxide was obtained. Drawing 36 shows distribution of Ti of the complex cross section obtained 
from EPMA measurement. The complex of the gestalt which has the maximum of titania concentration in a front 
face is obtained. When calcinated at 800 degrees C for 2 hours, 3.5% of the weight of ash content was seen. 
[0132] (Example 35) The sheet of a polyvinyl chloride was made immersed in a 30-degree C acetone for 30 
minutes. About 150% of the weight of the increment in weight was seen. Subsequently, after making the solution of 
tetra-ethoxy titanium and an acetic acid (mole ratio = 2:1) immersed at a room temperature for 4 hours, the 
ejection methanol washed the front face from the solution, and it was made to dry at a room temperature for about 
15 hours. Furthermore, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a polyvinyl 
chloride and titanium oxide was obtained. Drawing 37 shows distribution of Ti of the complex cross section 
obtained from EPMA measurement The complex of the gestalt which has the maximum of titania concentration in 
a front face is obtained. When calcinated at 800 degrees C for 2 hours, 3.5% of the weight of ash content was seen. 

[0133] (Example 36) The sheet of nylon 6 was made immersed in the mixed solution of 40-degree C aqueous 
ammonia [ 1.2 mols //I. ] and a methanol (weight ratio = 2:1) for 2 hours. About 9% of the weight of the increment 
in weight was seen. Subsequently, after holding for 3 hours under the steamy ambient atmosphere of TMOS heated 
at 100 degrees C, it was made to dry at ejection and a room temperature for 2 hours. Furthermore, heat treatment 
was performed at 80 degrees C for 24 hours, and the complex of nylon 6 and a silica was obtained. Drawing 38 
shows distribution of Si of the complex cross section obtained from EPMA measurement. The complex of the 
gestalt which has the maximum of silica concentration in a front face is obtained. When calcinated at 800 degrees 
C for 2 hours, 0.5% of the weight of ash content was seen. 

[0134] (Example 37) TMOS 10g and acetone 10g and water 1.2g impregnation liquid was prepared and immersion of 
the sheet of a polyvinyl chloride was immediately carried out after impregnation liquid preparation for 2 hours (30 
degrees C). 63% of the weight of the increment in weight was seen. After drying resin at ejection and a room 
temperature for 2 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a 
polyvinyl chloride and a silica was obtained. Drawing 39 shows distribution of Si of the complex cross section 
obtained from EPMA measurement. When calcinated at 800 degrees C for 2 hours, 21% of the weight of ash 
content was seen. 

[0135] (Example 38) About the case where 4.6g (example 38) addition of distilled water is carried out, the same 
examination as an example 37 was performed in impregnation liquid. Drawing 40 shows distribution of Si of the 
complex cross section obtained from EPMA measurement. In addition, in not adding water, most silicas serve as 
complex of a gestalt distributed over homogeneity, and it understands them that the dip gestalten of the complex 
obtained by adding water in impregnation liquid differ greatly. When calcinated at 800 degrees C for 2 hours, ash 
content was 3 % of the weight. 

[0136] (Example 39) After making the impregnation liquid used in the example 37 stir at 30 degrees C for 2 hours, 
the sheet of a polyvinyl chloride was used as impregnation liquid for 2 hours (30 degrees C). After drying resin at 
ejection and a room temperature for 2 hours, heat treatment was performed at 80 degrees C for 24 hours, and the 
complex of a polyvinyl chloride and a silica was obtained. Drawing 4141 shows distribution of Si of the complex 
cross section obtained from EPMA measurement. When calcinated at 800 degrees C for 2 hours, 18% of the weight 
of ash content was seen. The dip gestalt of complex is changing by using the impregnation liquid to which TMOS 
was made to react for 2 hours. 

[0137] (Example 40) The sheet of a polyvinyl chloride was made immersed in the impregnation liquid of TMOS and 
toluene (weight ratio = 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was 
seen. Subsequently, the solution of ejection and a front face was wiped off well and the polymer was made to hold 
in a 0.2 mols [/I. ] hydrochloric-acid water solution from a solution for about 5 hours. After making it dry at a room 
temperature for 15 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a 
polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 micrometers. When the silica 
particle in complex was observed with the scanning electron microscope (SEM), near the front face, the silica 
particle of 600 to 800 nm was seen, and about 150 micrometers of silica particles of 150 to 200 nm were observed 
200 to 400 nm, and near the core inside from the front face. 

[0138] (Example 41) The sheet of a polyvinyl chloride was made immersed in the impregnation liquid of TMOS and 
toluene (weight ratio = 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was 
seen. Subsequently, the solution of ejection and a front face was wiped off well and the polymer was made to hold 
in a 0.6 mols [/I. ] aqueous ammonia solution from a solution for about 5 hours. After making it dry at a room 
temperature for 1 5 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a 
polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 micrometers. When the silica 
particle in complex was observed with the scanning electron microscope (SEM), near the front face, the silica 
particle of 20 to 100 nm was seen, and the silica particle of 200 to 300 nm was observed 100 to 200 nm, and near 
the core inside about 150 micrometers from the front face. 

[0139] (Example 42) The sheet of a polyvinyl chloride was made immersed in the solution of an acetone and an 
acetic acid (weight ratio = 10:1) at 30 degrees C for 1 hour. About 130% of the weight of the increment in weight 
was seen. Subsequently, the impregnation liquid of TMOS and an acetone (weight ratio = 1:1) is made immersed at 
30 degrees C for 16 hours, the solution of ejection and a front face was wiped off well and the polymer was made 




to hold in a 0.7 mols [/I. ] aqueous ammonia solution from a solution for about 5 hours. Furthermore, after making it 
dry at a room temperature for 15 hours, heat treatment was performed at 80 degrees C for 24 hours, and the 
complex of a polyvinyl chloride and a silica was obtained. When the silica particle in complex was observed with the 
scanning electron microscope (SEM), in the layer from a front face to 20 micrometers, the very fine particle of a 
silica 150nm or less is seen, it is at the inside of the layer, there is a layer of the giant particle of 500 to 1000 nm. 
and the layer of the silica particle of 80 to 200 nm was observed near the core. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The metallic-oxide particle manufactured by the manufacture approach of this invention is drawing 
showing typically the outline of the various gestalten of the complex of the organic macromolecule and metallic 
oxide which have component dip structure. Each of a-h shows one gestalt of the complex of invention. Each axis of 
ordinate of a-h shows the concentration of a metallic oxide, and an axis of abscissa shows the distance (thickness) 
of the cross section of an organic macromolecule. 

[Drawing 2] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 1. 

[Drawing 3] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 3. 

[Drawing 4] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 4. 

[Drawing 5] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 5. 

[Drawing 6] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 6. 

[Drawing 7] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 7. 

[Drawing 8] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 8. 

[Drawing 9] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 9. 

[Drawing 10] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 10. 

[Drawing 11] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and silica which were obtained in the example 11. 

[Drawing 12] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and silica which were obtained in the example 12. 

[Drawing 13] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and silica which were obtained in the example 13. 

[Drawing 14] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the acrylic resin and the silica which were obtained in the example 14. 

[Drawing 1 5] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the acrylic resin and the silica which were obtained in the example 15. 

[Drawing 16] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the acrylic resin and the silica which were obtained in the example 16. Both the enlarged 
drawings near a front face are also shown. 

[Drawing 1 7] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the Nylon 66 and the silica which were obtained in the example 17. 

[Drawing 18] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polypropylene and the silica which were obtained in the example 18. 

[Drawing 19] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polyacetal and the silica which were obtained in the example 19. 

[Drawing 20] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polyvinylidene fluoride and the silica which were obtained in the example 20. 
[Drawing 21] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polybutylene terephthalate and the silica which were obtained in the example 21. Both the 
enlarged drawings near a front face are also shown. 

[Drawing 22] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the polybutylene terephthalate and the silica which were obtained in the example 22. 

[Drawing 23] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the polyethylene terephthalate and the silica which were obtained in the example 23. 

[Drawing 24] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 




of the complex of the polyethylene terephthalate and the silica which were obtained in the example 24. 

[Drawing 25] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the polyethylene terephthalate and the silica which were obtained in the example 25. 

[Drawing 261 It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the thermoplastic elastomer polyester and tin oxide which were obtained in the example 26. 

[Drawing 27] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the thermoplastic elastomer polyester and the silica which were obtained in the example 27. 

[Drawing 28] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the nylon 6 and the silica which were obtained in the example 28. 

[Drawing 29] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and silica which were obtained in the example 29. 

[Drawing 30] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and silica which were obtained in the example 30. 

[Drawing 31] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the vinyl chloride and alumina which were obtained in the example 31. 

[Drawing 32] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the carboxylic-acid denaturation polypropylene and the silica which were obtained in the example 
32. 

[Drawing 33] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the complex of the styrene system copolymer and silica which were obtained in the example 33. 

[Drawing 34] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the sample which coated with the silica the nylon 6 obtained in the example 4 of a comparison. 

[Drawing 35] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 

of the sample which coated with the silica the acrylic resin obtained in the example 5 of a comparison. 

[Drawing 36] It is drawing showing the measurement result of Ti distribution of the complex cross section by EPMA 

of the complex of the acrylic resin and the titania which were obtained in the example 34. 

[Drawing 37] It is drawing showing the measurement result of Ti distribution of the complex cross section by EPMA 
of the complex of the polyvinyl chloride and titania which were obtained in the example 35. 

[Drawing 38] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the nylon 6 and the silica which were obtained in the example 36. Both the enlarged drawings 
near a front face are also shown. 

[Drawing 39] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polyvinyl chloride and silica which were obtained in the example 37. 

[Drawing 40] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polyvinyl chloride and silica which were obtained in the example 38. 

[Drawing 41] It is drawing showing the measurement result of Si distribution of the complex cross section by EPMA 
of the complex of the polyvinyl chloride and silica which were obtained in the example 39. 
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[Procedure amendment] 

[Filing Date] October 1, Heisei 14 (2002. 10.1) 

[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 
the constituent concentration dip structure which is made to carry out the polycondensation reaction of this metal 
alkoxide, and is characterized by fixing as a metallic oxide after carrying out impregnation of the metal alkoxide so 
that it may have concentration dip in the interior of an organic macromolecule solid-state. 

[Claim 2] The manufacture approach of the complex of the organic macromolecule and metallic oxide according to 
claim 1 which have the gestalt from which the magnitude of the particle diameter of the metallic oxide distributed 
in an organic macromolecule changed continuously while having constituent concentration dip structure. 
[Claim 3] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 
the constituent concentration dip structure according to claim 1 or 2 of making the concentration dip structure of 
a metal alkoxide forming in the interior of an organic macromolecule by ending immersion actuation before a solid 
organic macromolecule is immersed in the solution containing a metal alkoxide or a metal alkoxide and a metal 
alkoxide sinks in into an organic macromolecule at homogeneity. 

[Claim 4] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 
the constituent concentration dip structure according to claim 1 or 2 of making the concentration dip structure of 
a metal alkoxide forming in the interior of an organic macromolecule by removing a part of metal alkoxide from this 
organic macromolecule after immersing a solid organic macromolecule in the solution containing a metal alkoxide or 
a metal alkoxide and carrying out impregnation of the metal alkoxide into a solid organic macromolecule. 
[Claim 5] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 
the constituent concentration dip structure according to claim 1 or 2 of making homogeneity carrying out 
impregnation of the metal alkoxide to a solid organic macromolecule, carrying out impregnation of water and/or an 
acid catalyst, or the basic catalyst subsequently to this organic macromolecule so that it may have concentration 
dip, and performing the polycondensation reaction of a metal alkoxide. 

[Claim 6] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 
the constituent concentration dip structure of any one publication of claim 3-6 using the solid organic 
macromolecule made to swell beforehand with swelling liquid. 

[Claim 7] The manufacture approach of any one publication of claim 1-6 which is made to carry out impregnation 
of water and/or an acid catalyst, or the basic catalyst to this organic macromolecule, is made to carry out the 



polycondensation reaction of the metal alkoxide in this organic macromolecule, and is made to fix as a metallic 
oxide by holding the solid organic macromolecule to which impregnation of the metal alkoxide was carried out in a 
water solution including water and/or an acid catalyst, or a basic catalyst or a steam ambient atmosphere. 
[Claim 8] The manufacture approach of the complex of the organic giant molecule and metallic oxide which have 
the constituent concentration dip structure of any one publication of claim 1-7 using at least one sort chosen from 
a polyamide, polyolefine, polyester, a polyvinyl chloride, acrylic resin, a polystyrene copolymer, thermoplastic 
elastomer, polyacetal, and fluororesin as organic giant molecules. 

[Claim 9] The manufacture approach of the complex of the organic macromolecule and metallic oxide which have 

the constituent concentration dip structure of any one publication of claim 1-8 where the ratio of the maximum of 

the partial concentration of a metallic oxide and the minimum value from which the complex of the organic 

macromolecule and metallic oxide which are obtained is distributed in this complex is 1.5 or more. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0009 

[Method of Amendment] Deletion 

[Procedure amendment 3] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0010 

[Method of Amendment] Deletion 

[Procedure amendment 4] 

[Document to be Amended] Description 

[Item(s) to be Amended] 001 1 

[Method of Amendment] Deletion 

[Procedure amendment 5] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0012 

[Method of Amendment] Deletion 

[Procedure amendment 6] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0013 

[Method of Amendment] Deletion 

[Procedure amendment 7] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0014 

[Method of Amendment] Deletion 

[Procedure amendment 8] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0015 

[Method of Amendment] Deletion 

[Procedure amendment 9] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0016 

[Method of Amendment] Deletion 

[Procedure amendment 10] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0017 

[Method of Amendment] Deletion 

[Procedure amendment 11] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0021 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0021] The solution containing the silicone alkoxide system monomers the solutions containing the metal alkoxide 
or metal alkoxide of this invention are indicated to be as a metal alkoxide by the general formula and R4-nM(OR) n 
(the alkyl group of the carbon atomic numbers 1-6 and n are [ M ] 3 or 4 for Si and R), those with a polymerization 
degree of about two to ten partial hydrolysis polycondensation objects or those mixture, and/or it and an organic 
solvent is used. 
[Procedure amendment 12] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0078 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0078] Although complex was heat-treated at 1 50 degrees C for 2 hours, change was not looked at at all by the 
appearance of complex. On the other hand, when the nylon 6 simple substance was heat-treated at 150 degrees C 
for 2 hours, it discolored yellow (example 1 of a comparison). Furthermore, when the IZOD impact property of the 
complex heat-treated at 150 degrees C was measured, they were about 55 kg-cm. The IZOD reinforcement of the 



nylon 6 heat-treated at 150 degrees C is 12 kg-cm, and understands that the heat-resistant property is improving 
remarkably for an example. In addition, the IZOD trial was performed by nothing [ notch ] using the sample of 2mm 
thickness and 4mm width of face. 
[Procedure amendment 13] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0093 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0093] (Example 13) In the example 12, the case where it was made to dry indoors (temperature of 23 degrees C, 
35% of humidity) for 15 hours was examined without holding under the steamy ambient atmosphere of an aqueous 
ammonia solution, after carrying out impregnation of the TMOS. The result of EPMA measurement is shown in 
drawing 13. The dip complex of the gestalt which has the maximum of silica concentration in the core of complex is 
formed. After sinking in TMOS, TMOS evaporates from the surface section and it is thought that such a gestalt 
was formed. The maximum/minimum value of silica concentration were about 2.3. When calcinated at 800 degrees 
C for about 2 hours, about 10% of the weight of ash content was accepted. 
[Procedure amendment 14] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0095 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0095] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 14. With 
the gestalt in which silica concentration decreases gradually toward the interior, the dip complex of a gestalt with 
which main about 45-micrometer part is not compound-ized is obtained from the surface section. The thickness of 
a compound layer was 330 micrometers from the front face, and the maximum/minimum value of the silica 
concentration in a compound layer were about 3. When calcinated at 800 degrees C for 2 hours, about 1 7% of the 
weight of ash content was seen. 
[Procedure amendment 15] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0097 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0097] Si distribution of the complex cross section obtained from EPMA measurement is shown in drawing 15. The 
complex of a gestalt with which silica concentration decreases gradually toward the interior was obtained from the 
surface section. The maximum/minimum value of the silica concentration in a compound layer were about 2.5. All 
fields are compound-ized although dip is loose compared with the example 14. When calcinated at 800 degrees C 
for 2 hours, about 19% of the weight of ash content was seen. 
[Procedure amendment 16] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0137 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0137] (Example 40) The sheet of a polyvinyl chloride was made immersed in the impregnation liquid of TMOS and 
toluene (weight ratio = 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was 
seen. Subsequently, the solution of ejection and a front face was wiped off well and the polymer was made to hold 
in a 0.2 mols [/I. ] hydrochloric-acid water solution from a solution for about 5 hours. After making it dry at a room 
temperature for 15 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a 
polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 micrometers. When the silica 
particle in complex was observed with the scanning electron microscope (SEM), near the front face, the 600- 
800nm silica particle was seen, and about 150 micrometers of 150-200nm silica particles were observed 200- 
400nm and near the core inside from the front face. 
[Procedure amendment 1 7] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0138 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0138] (Example 41) The sheet of a polyvinyl chloride was made immersed in the impregnation liquid of TMOS and 
toluene (weight ratio = 1:1) at 30 degrees C for 24 hours. About 50% of the weight of the increment in weight was 
seen. Subsequently, the solution of ejection and a front face was wiped off well and the polymer was made to hold 
in a 0.6 mols [/I. ] aqueous ammonia solution from a solution for about 5 hours. After making it dry at a room 
temperature for 15 hours, heat treatment was performed at 80 degrees C for 24 hours, and the complex of a 
polyvinyl chloride and a silica was obtained. The thickness of complex was about 600 micrometers. When the silica 
particle in complex was observed with the scanning electron microscope (SEM), near the front face, the 20-100nm 
silica particle was seen, and the 200-300nm silica particle was observed 100— 200nm and near the core inside about 
150 micrometers from the front face. 
[Procedure amendment 18] 
[Document to be Amended] Description 



[Item(s) to be Amended] 0139 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0139] (Example 42) The sheet of a polyvinyl chloride was made immersed in the solution of an acetone and an 
acetic acid (weight ratio = 10:1) at 30 degrees C for 1 hour. About 130% of the weight of the increment in weight 
was seen. Subsequently, the impregnation liquid of TMOS and an acetone (weight ratio = 1:1) is made immersed at 
30 degrees C for 16 hours, the solution of ejection and a front face was wiped off well and the polymer was made 
to hold in a 0.7 mols [/I. ] aqueous ammonia solution from a solution for about 5 hours. Furthermore, after making it 
dry at a room temperature for 15 hours, heat treatment was performed at 80 degrees C for 24 hours, and the 
complex of a polyvinyl chloride and a silica was obtained. When the silica particle in complex was observed with the 
scanning electron microscope (SEM), in the layer from a front face to 20 micrometers, the very fine particle of a 
silica 150nm or less is seen, it is at the inside of the layer, there is a layer of a 500-1000nm giant particle, and the 
layer of a 80-200nm silica particle was observed near the core. 
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tt^mOs o . 4 i cor >^~y TKco&fn*^^; 

^IITT 1 Ol^fK (20TC) MK^ffiT? 1 

[0085] E PMA^I^T, l^^O^iOS i (D 

issue u>t. i7i:^^^^t, &m\zm®T&^ 
iso*mm*&^tcMm<Dmmm&ft&'&%nrz. so 

[ 0 0 8 6 ] (^^0ij8) TMO S^ft#L3ICO^CO^*t 
iOl^^TMO S (MSJt= 10:1) 

tt*l*«7 tRUtLfe. E PMAiflJ^J; Om^tltzM 
£famm<DS i 8 \Z^To «a&T*Jtfc>'iJ;& 

i^l/i/Mli*«l6TS5. 8 0 0 TCt 2 Palter I, 

[ 0 0 8 7 ] (||j[f£^j9) TMOSOft^OC, TMO 
S CDSB#M£r^ (M S - 5 1 ; Hif^^^^lil, # 
fM 5 0 0 ) £ffll>fc«^fC^l>T&S*£fTofc. -> 
'jD->7J^^yHiLTMS-5Uffll\ MS- 

5 i fcsat-rsias* sot: t l 

COS i 9 fC^.t\ ^ffitCffi«)T*€ri^>U*«l 

[0088] (^m io) ms - 5 i <D<smm<Dmf& 

£M S - 5 1//^;-^ (mfilt= 4 : 1 ) <h Lfzm 

&r®cos i l 0 fc^To ^ffi#jfitC'>U^iSJ^ 

^/hflti^2 . 8 T&£o 8 0 0TCr2^Mlfei: 
C^, » 4 . 8 ISXOK^^i^nt. 

[ 0 0 8 9 ] <^j5S#j i i ) ttfk tf-;u (H^ft^tfciS 

#*tli) CO 5/— h£7-tr h >«h^®7K (®Si±=2 : 
1) lg^^lC3^r B 1, 3 0t:T*ii^-ti:fc. ^12 ll 
S%comSif2JO#Jl.e*l7co TMOSiTth 
> (mSlt=20 : 1) (D^mm^Z 5f$P B *1, 3 0 *C 

<K^i&9. o . 5 ^e;u^ i cor >^e - r TKfg^co^m 
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[ 0 0 9 0 ] MtC, ^1*1 (^I2 3t, iSt35%) t? 
1 7B5R8]«;«», 8 0 t:-e 2 4 B# PJJ & fcl & £ ff ^ , 

nfc«£#iw®<o s i £U i i (c^-To 

Jgtf^ffi^SW 1 9 0 a ^ D XcMot^^^tlti) 
0, l5l90^n>^^tliiMi;, dcoftSBTte 

10 mxozy i)*jmm<Dmjzm/m'bmt%) ut^^. 

8 0 0 VT*1fi2mm&&LLfz£C?>&) 8 . 9MS%CO£R 

[0091] (^m^j i 2 ) ifte-j^rt h >k i 
o^p B i, 3 oxz-c^mts-sfz. ms omm%<Dmmmim 

i : i) <D<smmz smm. 3ottii$«i, & 

o . 5^;u/ i (or > : e-T7kmtfc(Dmm.mmm. t Piz8 

WprJJ«»Lfc. MtC, gfl (M2 3t, i^35%) 

[0092] E P M Afcil^J; 9 n 6*1 fzm£ fc<D S i # 
2{c^f«, fcffifc^ 

^j^^ch^o^^^coM^ii^^^^^^nTi^o ft 

^M/I/MM1.9T^§. 8 0 0 tt^)2^W 
^Lfct.1^^8.9 11% <O0<#^Ig*6 h>tlfz 0 

[0093] i 3 ) mmm 1 2 ic&^t. tm 

30 o s fc^iis-ttfctfc, 7 >^~7*^co^j^ffl^T 

-e##Lfc^-C?, ^ft (M23t, M35%) Tl 
5 l$PflSE»£ti:fc«^K:oV>Tfcf*£fT o fc, El 1 3 \Z 
E PM A2|iJ^CO^m^7K-ro tt^ft^^BBKS/'JrtiB 

TMO S ^IgJ:'0TMOS^I^L t 

ccOcfc^^ff^^^^^^nfc^cot^Aen^o ->u# 

i&^<0^*M/^'Miteift 2 . 3 „ 8 0 0^X^2^ 

^^bfctc^^ji o ms%co£Jc^^ig^6n^o 
[0094] (nmm 14) 7* »j (7 * u ^< 

40 h - L : H^U-T 3 >&i£g:ftm 7^^A^TMOS 
<h^^y-;i/ (Sffitfc=l : 1) \zm7Bffl. 30tT 

0. 0 . 5 1 COT >^E - TtK^^^JC^ 3P§Pb1 

(25t) isais-a-fcfii, ^ft (ia«2o , c. 1135 

%) T^J 1 7P^P a 1^:j^b, 3EfC 8 Ott'2 4^r a i^^i 
[ 0 0 9 5 ] EPMAi^^Otienjrc^^^iKDS 
50 ^7iS^^I^^ C^^tS^I-e. ^^co^j4 5 u m§B5> 
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v-ez&fmmtfLLfttzz* m 1 7 mmxvvift&M.z 
[oo96] (mmmis) u )immy ^ 5 

Ot^TMOSi/^y-JP (lllt=l : 1) 

\zm 1 B^if ii£i*fCo 23 1 0 5 %CDmSit*D^^^tl 

Tz 0 &^T% &*£9iaJt£Ix0tfJl^ ^©(D^^^r^ 

5 3#r«i (3 or) a»$-t*fc», ^f*i (a«2ot, is 

^35%) T^J 1 7 PSrel&igL, li;80 < CT24 i$p3 

[ 0 0 9 7 ] E PMASSJfecfc Dt#Snfc«£#0fffi<DS 
i 1 5 C^to ^ISE^^^^ClSl^otyU 

mmm 1 4 jcjt^r &ot^*^ ±m*&& 

^ 1 9 Sffi%<D 0c #7^6*1*:. 
[ 0 0 9 8 ] (^SS^J16) 7^UJW7-<;^£^ 

1 (Sfiit=i : 1) iz#i2 am* 
3 or-e^m^ii-fco #9 1 2mm%<ommmm^^^>n 

mmm2vrz&. (iai2ot, urns 5%) x~m 
1 7mr$&mis. ics 01:^2 4mm&Mw*n^7 

[ 0 0 9 9] EPMAi^ctO#f»nfc^lriOS i 

T*ra«<D«**«£#a*ft sn&. mm<ko 2 5 u m& 
n-cn&n. 8 0 ox:T-2mmmtfLLtcii:c*>* mo. 
[0100] (mmmiD t<D>- 6 6 7>r^A^ 

fh7tHD77> (THF) il^TKth'JXf Jl/7 
S > (Mffiit= 4 0:10:1) *>t£2>&l®miZ 8 0 
TCT 5 BUS 81 ffii 5S&%CDfiSJf Jjn^jl^ 

n/c 3Ot0TMOSi§i{;^i 2^Fa1ii 

T 2 4 P*raafcjBJI£fr^:J->f n >- 6 6iy U *<Dm<£ 
[0 10 1] E PMAi^i Ot#btl^c^o'^^r®COS 

Ac, 8 0 0t-C2^F H 1i^i;c<h:5, 1^2.111% 
[0102] (HSg^J 1 8 JtH&tfiJ 2 ) # u zfa tru- 
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> (HH# U ~7 □ PY- 2 4 0 B, £»f^^^lt 
fi) <D^^;UA$: 1 0 5^(7) h^X>4 J tC^ 2 ^Fa 6 }^^ 

£i±7to 1 0 0 as%cDMSiiJira^m^n^:p 

TMOS^l:3 0tt2 OP^S 
0. 6^JUX 1 (07> ; E-7^i^TTl 7mm&&2 

5. o x: -e 2 mmt&mm u :/d tr u > t > u * <d& 
10 [0103] #u ei/>cD^ig(c^{b«me>n^^ 

5:111 1 8 C^1" 0 ^ffi^S/U*»K<D«^fiaS:»ofc0 

8 0 0rT2f$r*mritL£: 

[0104] »W«6#ttJift*ff ofct C*>, ^ffcO 
3 Otch 1 0 0 < CT(D^>^^ti^n^n 1 . 5 G P a 
<h 5 3 0 M P a , tan 5 tf — V 1 4 3 <C T? & o 

fc. ^'jynt:i/>f^ (it«4fi»J2) (D30X:t 

10 0 t(Dt>^^«ftlfn0 ,8GPat 2 5 0 M 
20 PaT^O, tan (5 tf - * 8 1 TC T & o . 

[0 10 5] X#*~>^&5t#J (■fej** r >T> /WX- 

/i-3o, -tr ^ y-r >flca;£&SL r^;uy-rh) teat 

izJtn^nmmmzttwx, ^mm^m^vttm^u^ 
izmte&to&T&mm&mit-zitrz. mmu^^mmi^ 

30 [0106] ^43, i^3Hti^lit^3-ifii 
flc^tti©DMA- 2 0 0 4ffl^t, 2 t C/^'T#^ 
lHz^ISLfc. 

[0107] <^0ij i 9) *ur-fc^-jp (o. tr^- 

;U F-10, H^E^fb^^^^tt®!) ^lOOtiD 
Xh7^DDX^>^C3^F H 1ii$t^ 0 ^Jl 8mm 
% (DmfiiiJUQ^^6tl^o 30t(OTMOSf^ 

tffic7)^^?:^<Mt^oT, 0 . 6 1 COT >"^E 

^7^1^TT1 7 ^r«1^^^"a:rco iiST 5 ^FbI^ 
40 SOrTS^^, 1 5 0tt2^f B 1^£Il 

T# 'J Tir ^-^t zs U 7^(D^^^€:t#/t, EPMA1 
«J;0^6timM®fl)S i^^ll 9 tc^-T. 

f# btifc. 8 0 0 < C-e2^fF B 1^J^Lfe<hC^, fil II 

[0 10 8] (Hi^0iJ2 0) #'JH-«Jf>7P7<H 
( 1 0 0 0 VLD BSfO^I^^^ttH) CO^^;UA$: 

5 0TC(O2 -y^/>^l«*C4«fP B 1S»$-a-fc. ^J9. 

5li%COlIiil]D^ie)nrc ( ^l^T. 3 0t(DTM 
50 OStMJXf^75> (lllt=10 : 1) O^S?^ 
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*k i smm^m^itfcm. ^tar 1 5 0$p B m^£-tt 

fc. miZ. 8 0 TCT 2 4 PSRa, 150tT2 f$P*1&ffl% 

[0 10 9] (£«0l|2 1) ^'J^l/>fl/7^^- 

y ^7 BT-128) Ox- h^80t(Dfh7kHP 
(THF) tlg*ih'JI^^7S> (SSfcfc 
= 40:10:1) (OM^mm K 8 Bf m^m £ "It fc. ^ 

4Mj^©mfiiiijna<ji6nfc* ^^t, 3ot(DTM 

OS^nD^^A (MS it = 10:1) (D^^^tc 1 

^^^<K^KoT 1 £*a-r 2 4B#ra&&£-t*fc. 15 
fC, 8 0 1 0 PSP^ 1 5 0tT3^f B m^l^ff^ 

[0110] 0 2 ICE P M A^'J^J: 0 ff^n/z^^^ 

Mm<ommm& nit. ii<to7 0//m^j:rt 

l>o 8 0 0t-C2^^MLfc<!:C^, ^J0.6ll% 

[0111] (§HJ&#iJ22) P B TO h £^7 D 
JUA^fC 6 0TC-C4I^P^iil$tfc. ^12 8li%(Dl 
S«Jta*^^nfc. 30t<DTMOSilC5Bt 

8 o -ex 1 o i 5ort3 strBi^^is^fT^ p b 

Ti'>'J*tO»^*it. B2 2l:EPMA8l^<t 

[oii2] (mmm 23) ^'ji^^vfi/?^^- 

h (PET;H#^7h^^ttiC0J-125) £2 

n#;i,A»*fc: 6 0 *C T 4 i$P*1it&£ -t±fc. ^4511 
%(DlIiilJD^lbn/:o J&^T. 30t^)TMOSi: 
^□o^^A (mffiit= 10:1) CD^§?£(C 1 5 f$P*1 

KM^lXoT, 0. 1 5^^/ 1 07> ; E- 7tK^^ 

cc? 4 191111. i 5 ox:^3mffi&Mm&?T^PETt 

[0 1 1 3] m2 3l:EPMAl^cti9l#bn/cl^^ 
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mmm&ittfnznti. 8oot-e2^r B iMifc<!:c 

[0114] (^Sg^J24) PETCDE(^17^^A^^ 
u a*;i,A<h h U Zf^7 5 > (MSit=50 : 2) CO 

mmiz e ox:-? smrfimmz -&tz. m 1 8ii% comm 

miJQtf&ZtlfCo 30t(DTMOS^i(;i 5 

mvm^&wm.T^msmm&ftzvfz. miz. mux 

10 5mffl%L$i. 8 0 rt? 4 PSFilh 1 5 0tt3^FI^Sai 
[0115] 124ICE PMAmfe&O&Ztlltm&ft 

tmfrXfatzmmvzBm&mmm&fc&mzfttz. m 

£it\Zmffifr % 1 5 p. m<DT$Xft t>tlX& 0 , ttlXO 

8 o ox:x 2mm&&LLtz£c*>* mimm%<D 

[0116] (HJ60J2 5) PET7^l^A^fh7^ 
20 noi^>^:il OK:-? 5&fm&t&2&lt. ^1321 
i%OHiijJD^lbn/: e ^^T, TMOS<hfh7 

^7udx^> (msit=i : i) <D<smwtiz 3 o x:x 1 
o p B m^£-t±fc&, ^^ct o^>t^?x o Mi u> 3t®o 
iti^^<Mti^T, o.5^;u / /icor> ; e~r7K 

xsmm&m. 8ott4s$r B i, 1 5 ott 3mmmm 

m&?t^PETLzs>Jt>L<Dm<£ft&nfz<, H2 5CE 

8 0 01Ct2BtFa^Lf;i:^ ( 3 . 5 Mfi % ODE* 
30 ftifi&btlfz. 

[0117] (mmm2 6) ^gxxfj^©ipfitt 

77^X E-500) ©y-h^^PP^;bA<i:fh 
7lh^vXX (MMit= 10:1) tf>^*tf&(c: 5 B P«1 

mmzvtzo m i o o mm%<Dmmmm&M.*>nfz. & 

40 [ 0 1 1 8 ] i 2 6 C E PMAt:J;ott#/cl^^^® 

f.nfc. fl££l^te^05^£#J 1 4 0 ^mSt't^D . 
^n<t 0 f^lTU- ^CDi@££fc^T^£o 8 0 0tt' 

fz. 

[0119] (MMM 27) # U X X pjffltt 
X7Xh7-(D^^^l/7h0.4gl:, TMOSCO^ 
#fi£t> (MS- 5 6 : H^^^tt^^a®. 7>^S^ 
50 1 000) i^ao^^A^xf l/>y*7^> (MStt: 
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= 10:100:1) (D^mm 2 g £<£&St!:/i. *H 

t2 4mN\$k&isfcm* mwv 2 4mm. 8ott*24 

[0 12 0] m2 7teE PMAffl95£<fc Of#fc«^te»rffi 
[0121] (flSS^J 28) ^-<n>-6^:^^/-;U 

^^@tk <m»it=2 : 1) frztzz&mwuzmmz 

tt, 8 0 1CT3«FP^JR»Lfc. »2 SSfiXOSfiifJbD 

rtsjt^nfc. #c^tr, 3 otwTMO s i^^y — )V 

(mfiJt= 10:1) (D^gfftfc: 4 B 81 5E 
(C, C0TMOS$^glfct-f □>-6y-h^^^ 
/-^<h3S©*<h h 'JX?^75 > (Mffiit= 8 0:4 

0 : 1 ) frbtezmmmizmmzit. so'c-csmmm 

ttbfcffe. 3 0t©TMOSM{:5PtF B 1Sl$tfc, 

^ru-e 2 4mr$frmz-&. s ox:mq*-c 2 4mm 

&Mm&B^* i-< n >- 6 £ > U rt<&ffl£#£fcfc. 
[0 1 2 2] EPMA^ffl^t, ^^^C0^f®<7)S i O 
@ 2 8 fC$£jH£^T 0 ^ ffi frf iS JC fii «> 

znrz. mmm&itnmmz 2mno z<tx-. isvxm 
[0123] (mmm 2 9 ) mitt - ;ucof>- h^3o 

t(OTMO S £Tir h > (mgit=l : 1) co^^f&tc 
6B#raS8l$l±T, + 1 2 

^tIlfcMt:-;k>- h £ 8 OWm l 5&*P.3## 

LTMt'-^i: tvm&fc&nrzo EPMA£ 

«^>7&wc«^-rs^jg<z>«^a^^^f#^tifc. 8oo 
T:T2mmmtfLLtz£c?>. m i 3. 6ii%(os)<^^ 

[0124] 3 0 ) mmm 291:^^1, tm 

O S &§gLfcMe-;k>- h£ 3 oro^^TK^tc 
*&3l$raia»<*-8:fc«, ^i&T? 1 5P#|S]8;«$ii\ 80 

r-e&j 1 5 m m&Mmz 'ft ^ fait t' - ;u<h > v tt t<Dm 

^fa&mfz. EPMA^fflUT, &&{£<DWiffi<D S i CO 
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^2 0Sfi%c7)K^^M«btTfc. 
[0 12 5] (9£ffi0tj3 1) Ilbh'zj^y- h^h^ 
X>ih'J'fy7 p D#+y7J^Z^A (lilt=4 : 

1 ) <D^mm{z 1 5mm. 3 owmrnvtz. ^22. 
1 cor >^;=.7*<&a&««tffl«*tc#?j 1 smm&& 

10 LTS^lfzj|/(!:7;^ti:©*^#$||fc. EPMA 

to &mmzm^\i-2<oi'*)*mm<DWi*m*$f-DM 
mnmmm&fttfmztiT^z. 8 0 ox:x'2mmmf& 
vfztcz* m 1 . 5 mm%<D&iftw&cititzo 
[0126] (mmm 3 2 > ;&ju#>»«te<z># u ?u 
eu>(y-r^-;u gh-ho, * b*-t >*fb^ 
ii^^an) & b)iJL)i>iz8 ov.T~&}6mmmmz 
itrzo 1® 2 4 mm%<Dmmmm&jL*> ntz. 3 

20 ^H^^^OtbL; g|®<Di§?&£&< M^ifcoT, 0.6 

^e^/ 1 cor >^e - TTK^^^am^tc^j 5 Ptp H i^^$ 
&fz. ^r^r* 3 p#p B ^^^, 8 ott*2 4mm. i 
5 o 5 WfPJU»«ia*fT^*tt*u ypt:i/>iyg 

^^jotpji^^m^o 3 2 c^t. mmizzs u t*mme> 
mxfc&mr&mm&mmm&fcw'&ztirz. so or 

tltZo 

[0127] mmm 3 3 ) U >^^S^T^ u 
30 7Ann-3oo, ^b*^ >^{^n^^^tt 

13) £MS-51£*^/-;i/ (SSIt= 1:1) CO^ 

gtc5otT9 o ftmmmz&fz. m 1 7ii%oi 
^®<2^^£&<fc$^sx-?£:^> o.6^e;w / /icT)r> 

Pal^:^. MtC 8 0tt2 4f$P^M31£fT^X^l/>^ 
&i£Wim<DS i #*j(Di»l3£*S#£ia 3 3 K^T . 31® SB 
40 n^o 8 0 0 tt2^r B 1I^L/:i:C6 > ^3.511 

[0128] (tfc«^3) Ms-si^^^y-j^i 
®tk csait=4 : i : 0.8) % tz z> i% mmw U 

JimWiZmMLfz. 2 5 tT 2 Bra»#lx 

1z'&. ±< a >- 6 <LT^ U;U»1B©^- h±fc^^ 
L, xe>3-h (lOOOrpm, 20^) ^fTofc 

- htktZ J: 0 n-T>>f$:&Lfrtztf. */)\,m\*±1 n> 
50 - 6 RZf7? 'J ;HffJ!i±-e&?ft<£:ft 0 a-^W i^t5 c 
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[0 12 9] (it^0iJ4&^5) MS-51^|^t< 
P>-60y-h<h7^UJ^ia)y-h (0.5mm 
m) ±.lZ&*m*fils* X fcf >3- h ( 1 0 0 0 r pm, 
2 0») Sffofc. MS-5 1 ttltC^ft* C <hfc< ■ 

^Hi:3-f^ >^$n^c. n-h^, ^a-c 5 Harass: 

[0 13 0] 3-f^>y$ntlf«S^ij5©'>U 
* CO^^^rOT^^>/!ia6fC ilgUOS iCDEPMAX^ 

-6) tB35 (it«0ij5, rzvfrmm) iz^-r. ~> 

0 0t"e2^f B 1Mlfc^ 1 t-fP>-6T«K»ttI 

[0131] (H]^^J 34) ;U»JIB0>$/— h S: 5 

0r<B**/-;MC2 0#ffigfll$ia:fc. ^22Mfi% 

<hr*fe^;urir h > ( ; e;nfc=i : 2) <hco?gi&tc^*& 

T 4 f^lSit i§f£a>G&0£Bb;**/ — 

il^^ltx, ^raT^3i 5fl#P.S]S;ig£itfc. MK, 
8 0TCT 2 4WfPJl*»*tt3Ifc»TH7* U JHIfJfi <tBHt^ * 

>£®«£#£*§fc. ei 3 6 «e pm Ass^ct o ^en 

[0 13 2] (§Hj&6#J3 5) #U*fl:tf^;K0 5/— h £ 
30t:c7DT-trh>{c30 ^mS»t $ it ft. ^15 0 MM 

(^e;uit=2 : i) £<Di§i£fc^i&T*4i$Pfflifi 

IT, i^T^l S^n^H^tfco IC, 80tt'2 
^#£f£fc. H3 7liEPMASJ^<fc0^5tlfca^* 

2^FB^fi|^Lfc<hc:^. 3.5MXOR»^I6tl 

/to 

[0 13 3] (2l#£0iJ3 6) t<P>-60y-h£4 
Sit =2 : 1) £<OS£igfclc2li*P.JIii«3-&;fc. *S9 

ll^oiiiijjn^ienfc. *u-c, i o otcirasft 

LfcTMOSOjSJIWi^TT3I^K«»Lfc^, 5X0 
^r^T 2 P#r«1^^^-ti-Aco 80^^24^ 

Ac. gi 3 8 tiE pm A^i^ct K>n*>nrz&&i£mm<DS 
oiioi^^^t#e,ntt^, 8 o o x:x- 2 ^mm^ 
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L £ £ <5 , 0.5liXOK»^l&nfc. 
[0134] (mm&\3 7) TMOS 10gi7th 
> 1 OgcTK 1.2g(Dte^li3U ^*l?&P§a 
»-r<JC#U*{kfcf^;KZ>^-h€:2Rfra (3 or) 3 

6 3lIX©liijQ0^16n3t. 
Qlhl,* mU^2#fm%LmtS&fz'&* 8 0t:T2 4 13^ 

Ac 03 9 teE PMA$I^£ 01#Snfc|g£#»r®<DS 
i(D^f^^lTt^. 8 0 0X:-V2mmMf8.Lfc££ 
10 ^> 2 1 Mffi%cD0c#rttjl£n£:o 

[0 13 5] (§*IM#J 3 8) $&m\zmW**:4. 6 g 
(*^0*J 3 8 ) ^JtoLfe»^»CO^T. §H5S#J 3 7 <h|sl 

rafcttitffcffofc. 04 0 fiE P M Ail^i 0 # btl^c 

8 0 0 c CT2^^^^b7c<hC^, 0cSHi3 

20 [0136] (mmm 3 9 ) mmm 3 7 -c^jb bfc^ai 

- h &<£mm\z 2 00*0 wng&^oai 
l, mu-e2mm%Lmt<i£'fz'&. s ovt* 2 4 mmmM 

4 1 E P M Ai^J: 9 «£#»rffi©S i CO # 

*f£^;LT^£o 8 0 0tt:2^r B 1i^LAccC5, 1 

8ms%a>0c#atjLsnfc. tmo s & 2 bspjisjes-B: 

ft LT^§. 

30 [0 1 3 7] (£i*60»J4 0) tfUttffcfcT-JKDv'- h£ 
TMOSihiH> (MSit=l : 1) 3 0 

ig^^KKf^ox, 0 . 2 1 <Dmm*mm*p 
izmsmfflKftz-sfr. sin 5 i$pfl&»$ 

8 0tt2 4 J$F«1f&#lJl£fT^# U m<t t*-JU<h > U * 
<h CDf£^t££f#f- 0 ^^^cojp^ti^j 6 0 0 MmT^o 
Ac. l^r^^OyU^tf^^lft^I^i (SE 
M) Tl^lfci C^5, ^®ttjfiTte6 OO-8OO11 
40 m(Dzs')j3&Ttf&*>tl. ^©cfcO 1 5 0 wml^^^ 
Ttt 2 0 0 - 4 0 0 n m, * 'OS&tfifi T 1 5 0 - 2 0 
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